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INTRODUCTION 
Turkey growers should expect to receive strong, healthy poults that will 
actively consume feed and water in the brooder rings on the farm. Livability of 
poults is directly related to the final number of pounds a grower is able to market 
with each flock. Therefore, livability of poults from placement on the farm through 
release from the brooder rings is economically important to the grower. 
Poult survival depends on many variables. Eggs from older breeder hens 
exhibit improved hatchability, and poults from these eggs have greater hatch wt 
and body wt (BW) gain through release from the brooder rings on the farm (8 to 10 
d of age), compared with poults from young hens. Incubation temperature, 
humidity, and ventilation affect both the hatchability and posthatch (PH) livability of 
poults (Romanoff, 1935; Tullett, 1990). Time of poult emergence in the incubators 
can affect the BW of poults at time of placement on the brooder farm (Burr et at., 
1993) and BW at later ages (Moran and Reinhart, 1980b). Hatchability can be 
improved by the presence of oxygen in the incubator (Meir and Ar, 1987). It has 
also been speculated that increasing the presence of oxygen during transport to 
the farm and in the brooder rings at the farm can improve the subsequent livability 
of poults on the farm (Donaldson and Reynolds, 1994). The hatchery plays a vital 
role in determining the condition of the poult at time of placement. However, the 
genetics of the breeder hen, stress of the hen (Epple et at., 1992), and the nutrition 
of the hen prior to lighting (Klein-Hessling et al., 1994), after lighting, and during the 
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production phase are also critical factors determining the condition of the poult 
placed at the grower. 
In an attempt to Improve the livabillty of the PH poult, we need a better 
understanding of the factors which contribute to livability. Poults from young 
breeder hens exhibit low livability and reduced BW gains through the brooding 
period. A large portion of the variance in livability is due to the time of poult 
emergence from the shell. Differences in poult hatch time in the incubator are 
often accompanied by dehydration and variability in BW at placement at the 
brooder barn, and following access to feed and water. Understanding the 
previously described problems facing the turkey industry may provide answers and 
possible intervention to improve poult livability in the future. 
Dissertation Organization 
The dissertation is divided into a Literature Review followed by two 
manuscripts and the General Conclusions. 
The first manuscript will be submitted for publication to Poultry Science 
under the authorship of K, A. Turner, J. L. Sell, and G. Spasojevic. The second 
manuscript will be submitted for publication to Poultry Science under the 
authorship of K. A. Turner, J. L. Sell, and T. J. Applegate. These papers were 
prepared according to the guidelines of the Poultry Science journal. 
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LITERATURE REVIEW 
During embryonic development, the contents present inside the egg when it 
is laid control embryonic growth. The fertilized turkey egg is cleidoic, containing all 
of the chemicals and mechanisms needed to form a new poult with the exception 
of oxygen (Christensen and Bagley, 1989). The genetics of the breeder hen and 
the nutrients deposited by the hen into the egg are the initial factors that influence 
hatchability and the posthatch (PH) state of the poult. To insure nominal 
hatchability, the hatchery must account for the genetics and age of the breeder 
hen. The incubation profiles utilized by the hatchery also have a large influence on 
the PH performance of the poult. The incubation profiles could, therefore, be 
considered the second major influence on PH livabillty. 
Incubation and Hatching 
Christensen and Bagley (1989) defined hatchability as the ability of each egg 
and embryo to synchronize heat, oxygen and biochemicals to emerge from the 
shell in a given time frame. Four major environmental factors are known to affect 
hatchability during artificial incubation: incubation temperature, incubator humidity, 
egg turning, and embryonic respiratory gas exchange (Insko, 1949; Lundy, 1969). 
Understanding the factors that Influence livability during incubation provides a 
better comprehension of the livability problems associated with PH poults. 
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Turkey eggs set in multistage incubators (able to incubate eggs at multiple 
stages of development) are normally incubated at 37.5 C for tiie first 25 d and then 
at 36.9 C for the final three days of incubation and through the hatching process. 
Single stage incubators (able to incubate eggs at a consistent stage of 
development), however, use a variety of temperatures throughout the incubation 
period to maximize hatchabllity (Christensen and Bagley, 1989). During the latter 
stages of incubation the metabolic heat produced by the embryo can raise the 
internal egg temperature 1.5 C above that of the incubator. The temperature of the 
incubator is varied throughout the incubation period to accommodate for the heat 
produced by the developing embryo and, therefore, maximize hatchability 
(Sotherland et al., 1987). Multistage incubators are unable to adjust for this 
increase in egg temperature until the eggs are transferred to hatching trays. Single 
stage incubators are, however, able to reduce the temperature throughout 
incubation to reduce the heat stress of the developing embryo. 
Maintaining optimal humidity in the incubator is essential for good 
hatchability. Hatchability of turkey eggs is optimized when relative humidity is 
maintained near 54% (Insko and Martin, 1935). This level of humidity results in 
optimum water losses of approximately 12% (Christensen and Bagley, 1989). Both 
hatchability and chick size are affected by the amount of wt lost by the egg during 
incubation (Tullett, 1990). Wt loss from the egg depends on the water-vapor 
conductance across the eggshell (Thompson, 1952). Flock age may determine the 
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optimum relative humidity during incubation. Heavier eggs produced by an older 
flock require a lower relative humidity through incubation than smaller eggs from a 
young flock (Kirk et a/., 1980). Tullett (1990) reported that the heavier egg 
produced by an older breeder hen has an increased water-vapor conductance 
across the shell. Thus, as water-vapor conductance increases, a higher relative 
humidity is required in the incubator to maintain a consistent 12% water loss of the 
incubating egg. 
Tullett (1990) reported turkey and duck eggs produced during the first wk of 
lay have very low water-vapor conductance. Thus, to improve the hatchability of 
these eggs the relative humidity is lowered during incubation to maintain a 12% v\^  
loss. Unfortunately, hatchability of those eggs remains low. The low conductance 
of eggs in the 1st wk of lay makes it impossible for the embryo to obtain sufficient 
oxygen or to eliminate sufficient carbon dioxide during development. 
In commercial practice, turkey eggs are normally turned eight times per day 
during incubation (Christensen and Bagley, 1989). Turning, the third environmental 
factor of artificial incubation, prevents premature adhesions between the extra­
embryonic membranes and the embryo, which could cause distortions during 
development (Freeman and Vince, 1974). Turning turkey eggs from 8 to 12 times 
per day substantially increased hatchability; however, further increases in the 
frequency of turning resulted in only mild improvements (Christensen and Bagley, 
1989). 
Ventilation, the final environmental factor of artificial incubation, ensures the 
provision of adequate oxygen and removal of excess carbon dioxide from the area 
adjacent to incubating eggs. Although carbon dioxide, produced by the embryo, 
diffuses out of the pores in the shell, oxygen, driving the metabolism of the 
embryo, diffuses in through the shell (Tullett, 1990). Lundy (1969) suggested that 
good hatchability is attainable with 18 to 50% oxygen and 0.50% carbon dioxide in 
the incubator. Turkey eggs require a minimum of .227 m  ^of fresh air per minute 
per 1000 eggs in the incubator to maintain the previously ascribed concentration of 
respiratory gases (Christensen and Bagley, 1989). As development proceeds, the 
demand for oxygen by the embryo increases along with the production of carbon 
dioxide. This produces changes in the concentration of the respiratory gases 
within the egg (Tullett, 1990). Rahn (1981) reported that for hatching to occur the 
final tension of oxygen inside the egg must decline to 14%, and the final carbon 
dioxide tension must increase to 6%. These observations support the results of 
Moran and Reinhart (1980b), who reported turkey poults situated near the inner 
walls of the incubator hatch earliest. The inner walls would be warmer than the 
external walls of the incubator, yet the presence of fresh air would also be 
minimized. 
As previously mentioned, eggs produced by turkey and duck breeder hens 
during the first wk of lay exhibit a very low eggshell water-vapor conductance, 
making it difficult for the embryo to obtain sufficient oxygen or to efficiently 
eliminate carbon dioxide during development (Tullett, 1990). Meir and Ar (1987) 
reported that the hatchabllity of turkey embryos from shells of low conductance 
increased when supplemental oxygen (23%) was provided from 18 d through 
hatch. Therefore, it is possible to enhance the hatchabllity of embryos when shell 
conductance is minimal through Increasing oxygen concentration inside the 
Incubator. 
George (1978) defined hatching as the termination of embryogenesis 
involving a complex sequence of events Including the Initiation of pulmonary 
ventilation, pipping of the eggshell, and emergence of the hatchling. Unlike the 
mammal, essentially all the stimuli are generated by the avian embryo itself, 
although it is able to respond to the stimuli from the other members of the clutch 
(Freeman and Vince, 1974). 
Ar et al. (1980) described three distinguishable periods of respiration during 
incubation. The prenatal period, the first period of respiration, is characterized by 
embryonic respiration via diffusional gas transport across the shell membranes 
overlying the chorioallantois. During this period, oxygen and carbon dioxide 
exchange takes place between the chorioallantois and the ambient air. The 
developing embryo relies on this method of gas exchange from ovipos'rtion through 
approximately the 25th day of incubation. 
Perinatal respiration, the second period of embiyonic respiration described 
by Ar ef al. (1980), is initiated when the embryo pierces into the air cell of the egg, 
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between the 25th and 26th day of incubation. At this time, the beal< of the 
developing embryo pierces the inner shell membrane into the air cell. In addition 
to gas exchange by the chorioallantois, the embryo is now able to pump air in and 
out of the pulmonary system, also known as convection (Rahn, 1981). The 
hatching process is initiated when the oxygen tension within the developing embryo 
declines to 14% and the final carbon dioxide tension raises to 6% (Rahn, 1981). 
Windle and Barcroft (1938) found that clamping the umbilical vessels of the mature 
fowl embryo stimulated deep rhythmic respiratory movements typical of perinatal 
respiration almost immediately. They speculated that the lack of oxygen and 
excess of carbon dioxide in the respiratory tract of the avian embryo stimulated the 
hatching process. 
Approximately 8 or 9 h after breathing is established in the fowl, the shell 
over the air space becomes fractured at one point, or "pipped", by the egg tooth of 
the hatchling (Freeman and Vince, 1974). Visschedijk (1968c) has established that 
pipping is the result of a gaseous stimulus, either the reduction in the oxygen 
tension or the rise in carbon dioxide tension in the air space. Once the shell is 
pipped, the embryo becomes physically inactive for 3 to 4 h prior to cutting round 
the shell and emerging (Freeman and Vince, 1974). The stimulus for hatching, or 
emerging from the eggshell, is not gaseous (Visschedijk, 1968b). Thyroid 
hormones have been shown to stimulate active hatching (Freeman and Vince, 
1974). The musculus complexus, or hatching muscle, also plays an important role 
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in the hatching process (Fisher, 1958). This muscle develops just before hatching 
begins, and raises the head of the perinatal embryo. The musculus complexus is 
also presumed to provide most of the force necessary for breaking the shell. 
Freeman and Vince (1974) reported that the chorioallantois does not begin 
to degenerate until approximately 10 h after the initiation of breathing by the 
embryo, or the beginning of the perinatal period. The oxygen requirements of the 
hatchling also rise during the hatching process, as would be expected (Freeman 
and Vince, 1974), However, the respiratory quotient of the embryo does not 
increase during the hatching process, remaining at approximately 0.7 (Visschedijk, 
1968a). When the fowl has emerged from the shell the postnatal period begins. 
This period is marked by gas transport limited to the convection of the lung (Ar et 
al., 1980). 
A variable amount of yolk material remains in the yolk sac, outside the 
embryo, near the end of the incubation period (Freeman and Vince, 1974). The 
remaining yolk sac is retracted into the abdominal cav'rty of the prenatal fowl by the 
abdominal musculature approximately 14 h prior to hatch (El-lbiary et al., 1968). 
This material is absorbed throughout the postnatal period of the poult, with 
resorption completed approximately 5 to 6 d PH (Fhelps et al., 1987). Although 
the yolk sac is attached to the small intestine between the jejunum and ileum 
(Meckel's diverticulum), there is little or no movement of the yolk contents directly 
into the gastrointestinal tract. The yolk material is absorbed through the yolk sac 
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membrane and transported to the fowl by the omphalomesenteric vessels 
(Freeman and Vince, 1974). Fasting newly-hatched chicks resulted in an increase 
in the rate of yolk absorption (Romanoff, 1944). Moran and Reinhart (1980a) 
reported that fasting newly-hatched poults resulted in a decrease in the moisture 
and ether extract retained in the yolk sac. 
Age of the Breeder Hen 
An interesting relationship resides between the production age of the 
breeder hen, the wt of the egg laid, and the wt of the subsequent hatchling. 
Smith and Bohren (1975) reported that the wt of the egg increases with the 
production age of the turkey breeder hen. The wt of the egg prior to incubation is 
directly correlated with the wt of the subsequent hatchling (Halbersleben and 
Mussehl, 1922; Upp, 1928). However, the age of breeder hen does not correlate 
with the subsequent wt of the hatchling (McNaughton et al., 1978). Heavier eggs 
also require a longer incubation time (Smith and Bohren, 1975). Yet, as the age of 
the breeder hen increases the total time required for incubation decreases (Smith 
and Bohren, 1975; Shanawany, 1985) due to an increase in embryonic 
development during the first two days of incubation (Mather and Laughlin, 1979). 
Regardless of how contradictory the previous statements may seem, hatchery 
incubation profiles consider these facts to maximize both hatchability and the 
condition of the HH poult. 
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Livability of poults from young breeder hens is reported to be lower than 
llvability of poults from older breeder hens (McNaughton et al., 1978; G. 
Spasojevic, 1994, Willmar Poultry Company, Willmar, MN 56201, personal 
communication). Hays and Spear (1952) and McNaughton et al. (1978) have also 
reported that the livability of chicks hatching from young hens is lower through 8 
wk of age than that of chicks from older hens. Therefore, It is more advantageous 
for poultry growers to obtain hatchlings from older breeder hens to maximize the 
number of birds reaching market wt. 
Studies have attempted to correlate the wt of the hatchling with the 
subsequent wt of the growing fowl at later ages. Upp (1928) reported that the 
hatching wt of Single Comb Rhode Island Red chicks could not be correlated with 
their subsequent wt at 2 wk of age. Al-Murrani (1978), however, reported that 
heavier chicks hatching from older hens remained heavier throughout the growing 
period. Moran and Reinhart (1981) observed a similar effect with turkey poults, 
with heavier eggs producing heavier poults from hatch through 10 d of age; 
however the >Nt advantage disappeared during the remainder of the growing 
period. Thus, the wt advantage of hatchlings from heavier eggs laid by older 
breeder hens may not result in heavier market birds. 
The egg yolk is the primary source of nutrients during development of the 
incubating embryo (Romanoff, 1960). The yolk is encapsulated by the yolk 
membrane, a synthetic and absorptive tissue which retracts into the body cavity 
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with the remaining yolk contents prior to hatch (El-lbiary et al., 1966). The poult 
utilizes the yolk stores for an additional 5 to 6 d PH until it's disappearance (Phelps 
et al., 1987). The proteins, amino acids, and lipids absorbed by the yolk sac 
membrane are transported by the bloodstream to the embryo where they can be 
utilized for growth or the production of maintenance energy (Freeman and Vince, 
1974). This source of nutrients is essential until the poult is allowed access to feed 
and water, and possibly even thereafter. 
The yolk sac remaining in the body cavity following hatch is a vital source of 
nutrients to the PH poult (Moran and Reinhart, 1980a). Deutectomizing (surgical 
removal of the remaining yolk sac) chicks at hatch delayed PH growth (Harvey et 
al., 1955; Murakami etal., 1992), verifying the importance of this remaining source 
of nutrients. As previously mentioned, egg wt increases with the age of the hen, 
and egg wt directly correlates with the subsequent wt of the hatchling. Thus, at a 
given age of the breeder hen, the wt of the yolk deposited in the egg at oviposition 
should correlate with the wt of the egg, supporting the requirements of the 
developing embryo. Marion et al. (1966) reported that at any given age a negative 
correlation existed between the percent yolk and the egg wt in chicken eggs, 
indicating that yolk wt does not increase proportionally with increasing egg wt. 
Nester et al. (1972) found a similar correlation in turkey breeder hens during the 
1st month of egg production, however this correlation disappeared at later 
production ages. O'Sullivan et al. (1991), however, found that yolk wt increases 
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with the age of the broiler breeder hen. Moran and Reinhart (1979) also reported 
that older turkey breeder hens produced eggs containing a larger yolk than eggs 
produced from younger hens. The lack of consistency between previous reports 
prevents a complete understanding of the effect of age of the breeder hen on the 
subsequent wt of the yolk deposited in the egg. 
Moran and Reinhart (igsoa) reported that poults hatching from older 
breeder hens retained a heavier yolk sac at hatch, which contained a greater 
amount of ether extract compared with poults from younger breeder hens. Daly 
and Petersen (1990) also reported a greater amount of lipid remaining in the yolk 
sac of PH chicks from older breeder hens, compared with chicks from younger 
breeder hens. Thus, the amount of lipid remaining in the yolk sac may influence 
the anriount of energy the developing embryo can derive during, and following, 
incubation. However, Noble etal. (1986) reported that the lipid remaining in the 
yolk sac of 19 d chick embryos from young breeder hens was greater than that 
retained in embryos from older breeder hens. Noble et al. (1986) further implicated 
the inability of embryos from young hens to derive energy from the yolk sac with 
the depression often observed in PH livability. 
The liver is energetically an important organ of the poult. It processes 
substrates (carbohydrates, lipids, amino acidb, and plasma proteins) provided by 
the yolk sac, gastrointestinal tract, and tissue catabolism. From as early as the first 
wk of incubation, the liver utilizes these substrates for energy production and 
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conversion into other products for utilization by the liver and other organs 
(Romanoff, 1960). During embryological development, the avian liver is capable of 
anaerobic glycolysis three times as rapidly as the rate normally observed in the 
liver of the mature bird (Romanoff, 1960). Blood glucose is hepatically produced in 
the PH fasting poult to homeostatically regulate the plasma concentration to 
approximately 220 to 250 mg/dL (Sturkie, 1988). Only after 6 to 7 days of fasting 
PH will a lethargic poult become hypoglycemic (Houpt, 1958). Thus, the avian liver 
is a very strong gluconeogenic organ. 
Growth of the liver is imperative for utilization and transformation of various 
substrates for energy and tissue anabolism in both the embryo and the PH fowl. 
Noble et a/. (1986) reported that 19 d embryos from young broiler breeder hens 
can hepatically derive energy from lipid (via ^-oxidation) at a faster rate than 
embryos from older breeder hens. Noble et a/. (1986), therefore, concluded that 
the increased rate of lipid catabolism In embryos from young breeder hens is an 
attempt to pacify the additional demands being placed on them. 
Poults produced from turkey breeder hens entering the production phase 
(during the initial wk of egg production) often exhibit low livability and fail to 
acclimate to feed when compared with poults from older breeder hens. Termed 
first poult syndrome, these poults hatch at a lighter wt than subsequent hatchlings 
(G. Spasojevic, 1994, Willmar Poultry Company, Willmar, MN 56201, personal 
communication). After placement onto the brooder farm, first hatch poults often 
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refuse to ingest feed, becoming ketotic due to the high reliance on lipid catabolism 
for survival (Donaldson and Reynolds, 1994). Ketosis during the first 72 h PH has 
been reported in "flip-over" ("tip-over") poults, often observed as poults lying on 
their backs, peddling their legs in the air, unable to right themselves to a standing 
position (Friedman and Pantanowitz, 1994). If not returned to a standing position, 
these poults will become comatose and die. Further studies need to be corriucted 
to better understand the physiological problems associated with this syndrome. It 
is unknown whether this condition is the result of a physiological anomaly in the 
eggs from immature hens [eg., excess catecholamines] (Epple ef a/., 1992), the 
inability of poults to adjust from gluconeogenic energy to carbohydrate-based 
metabolism (Donaldson and Reynolds, 1994), or improper functioning of the 
hypothalamus preventing normal body temperature regulation (G. Spasojevic, 1994, 
Willmar Poultry Company, Willmar, MN 56201, personal communication). 
A review by Pearce (1971) shows that avians rely greatly upon hepatic 
gluconeogenesis following their removal from the incubator and until given access 
to feedstuffs. Wallace and Newsholme (1967) reported that several hepatic 
metabolic intermediates of glycolysis (carbohydrate-based metabolism) remain at 
levels lower than normal for several days PH in avians. In an attempt to maintain 
plasma glucose and cellular energy levels after hatching, the poult depends on 
gluconeogenesis, thereby producing high circulating levels of ^-hydroxybutyric acid 
and uric acid as byproducts of lipid and protein c^atabolism, respectively 
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(Donaldson and Christensen. 1994). As lipid catabolism ovenvhelms the 
mitochondrial Kreb's cycle, ketone bodies (^-hydroxybutyric acid) prevail to 
transport excess cellular acetyl-CoA to various organs throughout the body. An 
increase in ketone bodies tends to parallel an increase in uric acid concentrations 
in the fasting poult (Donaldson and Christensen, 1994). Uric acid is a byproduct of 
amino acid catabolism, whether the amino acids emanate from muscle, organs, 
yolk proteins, or circulating amino acids. It is well known that lipids cannot be 
converted to glucose in the eukaryotic system (Stryer, 1988). Donaldson and 
Christensen (1992) reported that low hepatic glycogen concentrations were present 
in turkey embryos, therefore forcing the poult to rely upon gluconeogenesis from 
amino acids to provide a substrate for carbohydrate metabolism. Thus, a high 
plasma uric acid concentration is evidence of the metabolic stress encountered by 
the poult while attempting to prevent hypoglycemia. 
Hatch Time of the Poult 
Romanoff (1972) schematically described a window of hatching for poults 
that begins approximately 48 to 60 h prior to the full incubation length of 28 d. It is 
speculated that early hatching poults, emerging from the egg early in this hatching 
window, result from embryos which develop in the incubators at a faster pace than 
normal (Shanawany, 1984). G. Spasojevic (1994, Willmar Poultry Company, 
Willmar, MN 56201, personal communication) has observed that stronger poults 
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hatch earlier in the incubators. Early hatch poults often remain in the hatching 
trays until slower developing (late hatch) poults in the incubator have emerged from 
the egg. It Is probable that these early hatch poults will become dehydrated and 
be in a relatively weak condition upon removal from the hatcher. Consequently, 
the livability of dehydrated, early hatch poults may be reduced compared with late 
hatch poults. Yet late hatch poults are often lighter and exhibit a lower livability at 
the time of poult removal from the brooder ring at the farm. 
Moran and Reinhart (1980b) found poults hatching near the inside walls of 
the incubator hatched earlier than poults near the outside walls of the incubator, 
presumably due to the increased heating capacity on inner walls adjacent to other 
incubation units. Poults situated near the top of the incubators also hatch earlier 
than do poults near the middle or bottom of the hatching racks (G. Spasojevic, 
1994, Willmar Poultry Company, Willmar, MN 56201, personal communication). 
Tullet and Deeming (1982) reported that embryonic oxygen consumption was 
directly related to developmental rate of metabolic function. As stated previously, 
chicks from older breeder hens emerge earlier than chicks from young breeder 
hens (Smith and Bohren, 1975). Mather and Laughlin (1979) found that the 
reduced incubation period of eggs from older breeders, compared with younger 
breeders, was associated with an increased embryonic development during the first 
two days of Incubation. Overall, growth and livability of poults PH are believed to 
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be different between early and late hatch poults (G. Spasojevic, 1994, Willmar 
Poultry Company, Willmar, MN 56201, personal communication). 
Previous reports have disputed the difference in livability between early and 
late hatch poults. Williams etal. (1951) reported no relationship between hatch 
time and chick livability. Moran and Reinhart (1980b) also found no differences in 
livability of poults through 2 wk of age in relation to hatch time. Hays (1941) 
reported that early emerging chicks exhibited an improved livability through the 
growing period compared with late emerging chicks. However, Buhr et al. (1993) 
reported a decreased livability in early emerging poults through 4 wk of age. Thus, 
previous literature does not provide a definitive pattern of livability differences 
between early and late hatch birds. 
Buhr et al. (1993) observed that late hatching poults were heavier at time of 
placement on the farm than early hatching poults. The reduced BW of early hatch 
poults may be due to dehydration resulting from prolonged time in the incubator 
external from the egg compared with late hatch poults. Poults denied access to 
feed and water after removal from the hatching trays in the incubator exhibit a 
reduced BW primarily due to dehydration (Turner, 1991). Williams et al. (1951) 
reported that early emerging chicks showed a slight advantage in growth when 
given feed and water in comparison with late emerging chicks: however, statistical 
measures of the advantage were not reported. Previous reports have shown that 
early hatch poults exhibited heavier BW at 8 to 10 d PH (G. Spasojevic, 1994, 
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Willmar Poultry Company, Willmar, MN 56201. personal communication), and at 14 
d of age (Moran and Reinhart, 1980b). Early hatching chicks also showed 
improved BW at 4 wk of age (Hager and Beane, 1979) and at 12 wk of age 
(Henderson and Champion, 1948). Hays (1941) and Williams etal. (1951) also 
found that early emerging chicks reached sexual maturity at a younger age. Thus, 
early emerging hatchlings exhibit a growth advantage compared with late emerging 
hatchlings. 
Christensen and Donaldson (1992) reported that early emerging poults had 
heavier livers 24 h after removal from the incubators and prior to feed intake. 
Since early hatch poults emerge prior to late hatch poults, dehydration is prevalent 
until water and feed are accessible. Also, the supply organs continue to accrete 
tissue through the holding period by utilizing residual yolk when feed is not present. 
It is, therefore, plausible that the liver wt, relative to BW, should be greater in a 
dehydrating poult when the organ is still undergoing hypertrophy. Thus, early 
emerging poults would have a larger liver, for their relative size, to provide 
substrates for tissue accretion. 
Breeder Hen Nutrition 
The nutritional requirements of the developing avian embryo are met through 
maternal feeding and the deposition of nearly all essential chemical elements into 
the egg during its formation (Romanoff, 1972). The dietary requirements of energy. 
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protein, amino acids, vitamins, minerals, and essential fatty acids for maintenance, 
growth, and production of turkey breeder hens are given in the report by the 
National Research Council (1994). Aberrations in embryo development occur with 
a deficiency or toxicity of a multitude of elements (Romanoff, 1972; Scott et al., 
1982; National Research Council, 1994). Therefore, the following review will 
concentrate on the effect of supplementing essential fatty acids to the breeder hen 
diet on their subsequent deposition in the egg and transfer into the hatchling. 
Dietary essential fatty acids of the bird are required due to the inability of the 
bird to synthesize them. These fatty acids are attainable from plant or marine 
sources. Unoleic acid (C18:2,(ih6) is the only essential fatty acid for which a dietary 
requirement has been established (National Research Council, 1994). Linoleic acid 
is found in abundance in vegetable oils [eg., safflower, corn, soybean, and 
cottonseed]. Although a dietary need for linolenic acid (18:3,<a-3) has not been 
recognized in poultry (National Research Council, 1994), it is considered an 
essential fatty acid in certain mammalian species (Balnave, 1970). Linolenic acid is 
found in high abundance in linseed and marine oils. 
Essential fatty acids act as structural components of phospholipids present 
in cellular membranes (Scott ef al., 1982). The most important function of essential 
fatty acids may be as precursors to eicosanoids, such as prostaglandins and 
thromboxanes. Eicosanoids are produced from the essential fatty acids through a 
complex series of biochemical reactions. Prostaglandins are involved in blood 
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dotting, renal water excretion, renal blood flow, reproduction, gastrointestinal 
motility and water loss, endocrine function, and neurotransmitter release (Watkins, 
1991). Therefore, essential fatty acids are important metabolic precursors in 
maintaining cellular stability and metabolic function of the fowl. 
Cruikshank (1934) reported that hemp oil and linseed oil to fed Light Sussex 
hens increased the percentage of linoleic and linolenic fatty acids in their eggs, 
respectively. Feeding a diet deficient in linoleic acid to hens reduced egg 
production, egg size, fertility, and hatchability, but increased early embryonic 
mortality (Menge et al., 1965). Menge (1968) later reported that laying hens require 
approximately 2% dietary linoleic acid to maximize egg production and egg size. 
Therefore, linoleic acid is essential for hen reproduction. 
Injecting the yolk sac of 10 d incubating chicks with [1-^^C] linoleic and 
linolenic resulted in incorporation of both the fatty acid and radio-label into the 
brain and liver of the 12 d embryo (Miyamoto et al., 1967). Cherian and Sim 
(1993) reported that feeding diets high in oleic, linoleic and linolenic acids resulted 
in the subsequent incorporation of these fatty acids in the hatchlings. Thus, 
essential fatty acids deposited in the egg yolk become incorporated into the 
subsequent hatchling. 
Essential fatty acids are required for growth of the hatchling. Machlin and 
Gordon (1960) reported that feeding a diet deficient in linoleic acid to 1-day-old 
chicks resulted in reduced growth through 7 d of age. Linoleic acid deficiency in 
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chicks also results in enlarged livers with excess fatty depots (Hopkins and 
Nesheinfi, 1967), an increased incidence of respiratory disease (Hopkins et a!., 
1963), and subcutaneous edema (Scott et af., 1982). Balnave (1970), however, 
reported that it is difficult to deplete an adult animal of essential fatty acids due to 
the large reservoir in the adipose tissue. It is, therefore, difficult to produce an 
essential fatty acid deficiency in the hatchling when the hen is fed natural 
ingredients. 
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CHARACTERISTICS OF POULTS AS RELATED TO PRODUCTION 
AGE OF HENS AND HATCHING TIME 
A paper submitted to Poultry Science 
Keith A. Turner, Jerry L Sell, and Gorica Spasojevic 
ABSTRACT 
In two experiments, posthatch (PH) performance and physiological traits 
were determined in poults hatching from breeder hen flocks in their 1st (1w) and 
7th (7w) week of production. Within each week of production, characteristics of 
poults that hatched by 27 d, 9 h of incubation [EARLY], versus those of poults 
hatching between 27 d, 9 h and 28 d [LATE], were compared through 96 h PH. 
Poults were given ad libitum access to feed and water at 24 h PH. In both 
experiments, livability through time of poult release from the brooder rings at the 
farm was grater for 7w poults compared with 1w poults. During the 1st wk of lay in 
Experiment 1, livability of EARLY poults (80%) was better than that of LATE poults 
(52%). Poults from hens in their 7th wk of lay were heavier (P< .0001) than 1w 
poults at hatch and through 96 h PH. LATE hatch poults were heavier (P<.03) 
than EARLY poults at 0 (28 d incubation) and 24 h PH. Liver wt, relative to BW, 
was heavier (p<.05) at 24, 48, and 72 h PH in 7w poults compared with 1w poults. 
Liver wt, relative to BW, was heavier (P<,001) in EARLY hatch poults at 0 h PH 
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compared with LATE hatch poults. In Experiment 2, 7w poults retained a heavier 
(p<.001) yolk sac membrane, relative to BW, at 24, 48, and 72 h PH compared 
with 1w poults. Resorption of the yolk sac membrane and yolk sac contents, 
relative to BW, was delayed in LATE hatch poults compared with EARLY hatch 
poults. Following access to feed, plasma uric acid concentration in 7w poults 
decreased at an earlier age as compared with 1w poults. At 24 h PH, plasma uric 
acid concentration was greater in EARLY hatch poults (P<,02) compared with 
LATE hatch poults. Differences in poult growth as related to the age of the breeder 
hen may be related to physiological differences [eg., yolk absorption] present prior 
to hatch. On the other hand, differences in growth between EARLY and LATE 
hatch poults may be related to a difference in poult maturity at the time of 
emergence from the shell. 
{Key words: poult livability, breeder hens, hatch time, uric acid, liver, yolk) 
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INTRODUCTION 
The quality of turkey poults received by the grower is a determining factor in 
the economic return of a flock. Growth rates rely upon placement of poults at the 
brooder barn with the physiological maturity to digest and metabolize feedstuffs. It 
is also essential that poults be at a low stress level at placement to ensure maximal 
productivity. Hatcheries attempt to hatch a viable poult which endures hatchery 
processing, an overnight fast, and acclimates readily onto oral feedstuffs at the 
brooder facility. Many hurdles hinder this goal. Providing the hen with adequate 
nutrients for egg deposition to maximize embryonic and posthatch (PH) growth of 
the poult differs with the maintenance level of the hen by age and environmental 
conditions. Incubation parameters are different depending upon the breed of 
turkey, the age of the hen, and external environmental conditions. Also, poult 
stress during hatchery processing must be minimized to prevent depletion of the 
hepatic glycogen present in the PH poult. It is a relentless task to insure that 
poults will be capable of maximal growth for the grower upon placement. 
Eggs produced by breeder hens during the first week (wk) of a breeder 
hen's production phase (wk of lay) are often quite small and variable in size. 
These hatchling poults are also quite small and often exhibit low livability rates, 
resulting in what is termed "first poult syndrome". A higher incidence of starveouts 
and flip-overs are observed in first wk of lay (1w) poults than with poults hatching 
from older breeder hens. Livability rates improve dramatically after several weeks 
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of egg production and as poult weights at hatch increase. Due to the high level of 
connpetition throughout the poultry industry concern has arisen for the livability of 
poults hatching from young turkey breeder hens. Lighting hens at a younger age 
will bring hens into production earlier and increase economic return from breeder 
hens (Noble, 1987). Yet this has seemingly produced a more obvious livability 
problem. 
Romanoff (1972) schematically described a window of hatching for poults 
that begins approximately 48 to 60 h prior to the full incubation length of 28 d. It is 
speculated that EARLY hatching poults, emerging from the egg early in this 
hatching window, result from embryos which develop in the incubators at a faster 
pace than normal (Shanawany, 1984). Observation (G. Spasojevic, 1994, Willmar 
Poultry Company, Willmar, MN 56201, personal communication) has noted that 
stronger poults hatch earlier in the incubators. EARLY hatch poults often remain 
in the hatching trays until slower developing (LATE hatch) poults in the incubator 
have emerged from the egg. It is probable that these EARLY hatch poults will 
become dehydrated and be in a relatively weak condition upon removal from the 
hatcher. Consequently, the livability of dehydrated, EARLY hatch poults may be 
reduced compared with LATE hatch poults. Yet LATE hatch poults are often lighter 
and exhibit a lower livability at the time of poult removal from the brooder ring at 
the faiTH. It must remain apparent, however, that all poults have the same genetic 
capacity to grow and perform. 
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Therefore, two experiments examined poult characteristics that may be 
related to early PH performance (eg., yolk utilization, liver wt, plasma uric acid, yolk 
and liver lipids) from hatch through 96 h PH. The primary objective was to 
examine the livability and growth of poults as related to the age of breeder hen. 
The time of poult emergence in the incubator was examined for it's effect upon 
poult growth and livability. Also, the u-S fatty acid content of the breeder hen diet 
was modified to determine it's impact on subsequent poult growth. 
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MATERIALS AND METHODS 
Two experiments were conducted utilizing breeder hen flocks and their 
respective hatchling poults at the Willmar Poultry Company, Inc., Willmar, MN. 
Each experiment examined poults hatching from eggs laid by paired breeder hen 
flocks during the first and seventh week of production. Fatty acid supplementation 
to the hen diet, production age of breeder hens, and time of poult hatching were 
the main effects analyzed. 
Experiment 1 
Two flocks of Hybrid breeder hens were utilized in the fall of 1993. At 31 wk 
of age both breeder hen flocks were fed a prelay diet and length of light was 
increased to 14 h per day to stimulate reproductive maturity. One breeder hen 
flock was fed a normal pre-lay diet (N) and a second flock was fed a similar diet 
replacing soybean meal and canola meal with fishmeal at 5.0% of the diet (H). 
Fishmeal was used to provide a source of long-chain w-3 fatty acids. Both diets 
were formulated to contain 2900 kcal ME/kg and 16 % crude protein (Table 1). At 
the onset of lay, approximately 2 wk after lighting, eggs were collected from each 
flock (1w). Due to low egg production at the onset of lay, eggs were combined 
from first oviposition in the flock through 4 days: of production. Eggs were held for 
approximately 7 days at the hatchery prior to incubation. Egg weights were 
recorded by fiat (20 eggs) at this time. Eggs were incubated in single-stage PAL 
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Tech  ^ incubators at the Willmar Poultry Company, Willmar, MN. Exact incubation 
temperatures and humidities used are proprietary information and cannot be 
provided at this time. Length of incubation (Table 2) varied by age of hen and 
environmental conditions to maximize poult hatchability. 
At approximately 27 days + 9 h of incubation, all poults that had hatched 
and were dry in hatching trays were removed from the hatchers and placed in 
hatching boxes. These poults will be referred to as EARLY poults. Hatching trays 
were returned to hatchers for an additional 15 h to allow continued hatching of 
poults, after which time all hatched poults were removed (LATE). Removal of LATE 
hatching poults denotes 28 days of incubation, or 0 h posthatch (PH). One 
hundred EARLY poults and eighty LATE poults were saved for sampling. Dye was 
used to identify poults by treatment group. Poults to be sampled were not 
subjected to hatchery processing. Those poults not sampled were subjected to 
normal hatchery procedures, held overnight, and placed in brooder rings at a local 
f\^ innesota turkey farm. Livability of the latter groups of poults was recorded prior 
to release from the brooder rings at 8 to 10 d PH for all groups of poults. 
Eggs were collected from the same breeder hen flocks at 43 days of 
production (7w). Procedures for egg incubation, poult hatching, proi ;essing, 
transport, and housing were similar to those of 1w poults. 
 ^ PAL Inc., Willmar, MN 56201. 
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Experiment 2 
A second experiment, conducted in the spring of 1994, was a replicate of 
Experiment 1, with the exception of the breed of turkey hen and dietary treatments. 
Two flocks of Nicholas hens were lit at approximately 31 wk of age. One breeder 
hen flock was fed a normal pre-lay diet (N) and a second flock was fed a similar 
diet in which soybean meal and animal-vegetable fat were replaced with fishmeal 
and flax oil (H, 5.0 and 1.25 % of the diet, respectively). As a result, the H flock 
was fed a diet with a greater concentration of long-chain u-3 fatty acids. Diets 
were formulated to contain 2900 kcal/ kg ME and 16 % crude protein (Table 1). 
Egg collection, storage, incubation (Table 3), poult hatching, processing, transport, 
housing, and measure of livability were similar to the procedures used in 
Experiment 1 for both 1w and 7w poults. One hundred- twenty EARLY poults and 
100 LATE poults were retained for sampling. Body weight of poults taken to a 
local Minnesota turkey farm was recorded prior to release from brooder rings at 10 
and 8 days of age in 1w and 7w poults, respectively. 
Sampling 
In each experiment, 10 poults from each treatment group were individually 
weighed and sampled at -15, 0, 24, 72, and 96h PH, relative to a 28-day 
incubation. An additional 48h sampling time was included in the second 
experiment to provide a continuous data set. Poults were sampled at the Willmar 
hatchery at -15h (EARLY) and Oh (EARLY and LATE) PH. Those poults remaining 
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after Oh sampling were transported to the Department of Animal Science, Iowa 
State University, Ames, lA, and housed in electrically heated brooder batteries  ^
with raised floors. The poults were intermingled by diet and hatch time. All poults 
were allowed ad libitum access to feed and water at 24 h PH, the diet consisting of 
a normal poult starter (28.5% crude protein, 2850 kcal ME/kg diet, 6.65% ether 
extract). 
For sampling, poults were decapitated and blood was collected in 2 mL 
Eppendorf tubes and centrifuged at 3000 rpm. Plasma was removed and frozen 
immediately at -20 C. An abdominal incision exposed the body cavity for removal 
and weighing of the yolk sac and liver. After weighing, the yolk sac was punctured 
and it's contents placed in a storage container. The remaining sac was rinsed with 
distilled-deionized water, blotted, weighed, and placed in a storage container. Yolk 
contents and yolk sac were frozen at -20 C for subsequent analysis. Subtraction of 
the yolk membrane weight from the total yolk sac weight determined the weight of 
the yolk sac content. Plasma was analyzed for uric acid concentration by using a 
Sigma Diagnostic kit® (685-50). 
All data were analyzed statistically by analysis of variance by the General 
Linear Model of SAS* (SAS Institute, 1985). Data were analyzed by main effect for 
wk of lay (1w vs 7w), hatch time (EARLY vs LATE), and diet (N vs H) within each 
 ^Petersime, Gettysburg, OH 45328. 
® Sigma Diagnostics, St. Louis, MO 63178. 
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day of sampling for each experiment. Due to lack of significant main effects of 
dietary treatments in all anal/sis in eacfi experiment, dietary means were pooled 
and data were reanalyzed for main effects of wk of lay and hatch time and their 
interaction. Data are reported as treatment means with standard error by sampling 
day for each experiment. 
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RESULTS 
The two experiments conducted were not replicates of one another, as 
originally planned. Because of constraints encountered by the collaborating 
hatchery, the strain of turkey used in each experiment was different (Hybrid versus 
Nicholas) and the dietary treatments were not the same in each experiment. 
Consequently it was impossible to combine data of the two experiments for 
statistical analysis. Thus, data of each experiment were analyzed separately by 
using poults within a sampling time to determine the effects of week of lay, time of 
poult hatch, and diet and their interactions. 
Due to the nature of these studies, certain measurements (egg weight (wt), 
livability. and poult wt on the farm) taken through Willmar Poultry Company also 
could not be statistically analyzed. Livability, for example, was measured on all 
poults placed in one brooder ring at the farm. Thus, there was no replication of 
livability within treatment groups. Egg wt prior to incubation as well as poult wt on 
the farm (at time of poult reloase from the brooder rings) were also not statistically 
analyzed. These measurements, however, were quite valuable in providing 
information that would othenwise be unattainable in an academic environment. 
Experiment 1 
Egg wt, shown in Table 4, is reported only for eggs set during the 1st wk of 
lay (1w) due to loss of data for eggs laid at the 7th wk of lay (7w). Average egg wt 
was identical for EARLY and LATE hatch poults. Livability, calculated from time of 
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poult placement at the farm until poult release from the brooder rings, was better 
for 7w poults compared with their 1w counterparts (Table 4). Livability at 1w was 
superior for EARLY hatch poults compared with LATE hatch poults; however no 
difference in livability of EARLY and LATE groups was observed for poults from 
eggs laid at 7w. 
Poults produced by hens in the 7th wk of egg production were heavier 
(p<.001) than poults from hens in the 1st wk of egg production at all sampling 
times {-15h through 96h PH, Table 5). LATE hatch poults were heavier (p<.03) 
than EARLY hatch poults at Oh and 24h PH, irrespective of wk of egg production. 
Liver wt, relative to BW, showed variable results (Table 6). The relative liver 
wt of poults produced by hens in the 7th wk of egg production at -15h PH was 
heavier (p<.005) than that of poults produced by hens in the 1st wk of egg 
production, therefore constituting a greater proportion of the BW. By Oh, EARLY 
hatch poults exhibited a heavier (p<.001) relative liver wt compared with LATE 
hatch poults, but at 72h the reverse was true (p<.005). 
Total yolk sac wt, relative to BW, was heavier (p<.02) in LATE hatch poults 
at 0, 24, and 72h PH compared with EARLY hatch poults (Table 7). No differences 
were obsen/ed as related to wk of egg production. Yolk sac membrane wt, relative 
to poult BW, is given in Table 8. At -15h PH, the relative yolk sac membrane was 
heavier (p<.006} in poults produced by hens in the 7th wk of egg production than 
in poults produced by hens in the 1stwk of egg production. No differences 
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between wk of egg production were observed after this time. LATE hatch poults 
exhibited a heavier (p<.01) yolk sac membrane wt at 0, 24, and 72h PH compared 
with EARLY hatch poults, similar to the pattern observed in relative total yolk sac 
membrane. Yolk sac content wt, relative to poult BW, was greater (p<.01) in LATE 
hatch poults at 0 and 24h PH compared with EARLY hatch poults (Table 9). At 
72h PH, poults produced by hens in the 1 st wk of egg production retained a 
greater (p<.03) wt of yolk contents, compared with their 7th wk counterparts. 
Plasma uric acid concentration was greater (p<.002) in poults produced by 
hens in the 1st wk of egg production and in LATE hatch poults at Oh PH, 
compared with poults produced by hens in the 7th wk of egg production and 
EARLY hatch poults, respectively (Table 10). At 24h PH (prior to feed intake), uric 
acid concentration was greater (p<.02) in EARLY hatch poults than in their LATE 
hatch counterparts. By 72h PH, poults produced by hens in the 1st wk of egg 
production exhibited a greater (p<.001) plasma uric acid concentration compared 
with poults produced by hens in the 7th wk of egg production, irrespective of poult 
hatch time. 
Experiment 2 
Eggs produced by hens in the 7th vrt< of lay were heavier than eggs 
produced in the 1st wk of egg production. Livability of poults produced by hens in 
the 1st wk of egg production was slightly better for EARLY hatch poults than for 
LATE poults (Tabie 11). However, by the 7th wk of egg production no difference in 
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livability was evident as related to poult hatch time. No observable differences 
existed in poult wt by wk of egg production at time of poult removal from the 
brooder ring at the turkey farm (Table 11). 
BW of poults produced by hens in the 7th wk of egg production was heavier 
(p<.001) than that of poults produced in the 1st wk of egg production throughout 
the sampling period (-15h through 96h PH, Table 12). LATE hatch poults were 
heavier (p<.04) than EARLY poults prior to feed intake (0 and 24h PH). EARLY 
hatch poults, however, were heavier (p<.01) at 48h PH than poults hatching LATE. 
Liver wt, relative to poult BW, was heavier (p<.001) in EARLY hatch poults 
at 0, 48, and 72h PH compared with their LATE hatch counterparts (Table 13). At 
24h PH, however, relative liver vA of LATE hatch poults from 1st wk of production 
eggs was greater than those of EARLY poults, whereas the opposite was true for 
poults coming from 7th wk eggs. This inconsistency at 24h PH resulted in an 
interaction between hatch time and wk of lay (p<.01). Relative liver wt in poults 
' produced by hens in the 7th wk of egg production was greater (p<.001) at both 
48h and 72h PH compared with those produced in the 1st wk of egg production. 
Total yolk sac wt, relative to poult BW, was greater (p<.01) in poults 
produced by hens in the 7th wk of egg production from -15h through 48h PH than 
poults produced in the 1st wk of production (Table 14). LATE hatch poults 
retained more (p<.002) relative total yolk sac wt at Oh and 48h PH compared with 
[EARLY hatch poults. At 24h PH, however, the relative total yolk sac wt of EARLY 
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hatch poults coming from hens in the 1st wk of egg production was lighter than 
poults in other treatment groups. This reduced wt at 24h PH resuKed in an 
interaction between hatch time and wk of lay (p<.007). Yolk membrane wt, relative 
to poult BW, is shown in Table 15. Poults produced by hens in the 7th wk of egg 
production as well as LATE hatch poults exhibited a heavier (p<.02 and p<.02, 
respectively) relative yolk sac membrane wt from Oh through 72h PH compared 
with poults produced in the 1st wk of production and EARLY hatch poults, 
respectively. Retention of the yolk sac content wt, relative to poult BW, was 
greater (p<.001) in poults produced by hens in the 7th wk of egg production at -
15h and Oh PH compared with those produced in the 1st wk of production (Table 
16). LATE hatch poults also retained more (p<.01) relative yolk sac content wt at 
Oh and 48h PH compared with EARLY hatch poults. At 24h PH, however, the 
relative yolk sac content wt of EARLY hatch poults coming from hens in the 1st wk 
of egg production eggs was lighter than that of LATE hatch poults, whereas the 
opposite was true foi poults coming from eggs in the 7th wk of production. 1 his 
inconsistency at 24h PH resulted in an interaction between hatch time and wk of 
lay (p<.003). 
Plasma uric acid concentration at 24h PH was greater (p<.01) in poults 
produced by hens in the 1st wk of egg production and in EARLY hatch poults 
compared with their respective 7th wk of egg production poults and LATE hatch 
counterparts (Table 17). At Oh PH, plasma uric acid concentration of EARLY hatch 
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poults coming from hens in the 1st wk of egg production was lower than that of 
LATE hatch poults, whereas the opposite was true for poults conning from those 
produced in the 7th wk of egg production. This inconsistency at Oh PH resulted in 
an interaction between hatch time and wk of lay (p<.001). At 48h PH, poults 
produced by hens in the 7th wk of egg production exhibited a lower (p<.01) 
plasma uric acid concentration than that of poults produced in the 1st wk of egg 
production. 
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DISCUSSION 
Minimizing death losses and maximizing growth of poults during the early 
posthatch (PH) period are objectives of commercial turkey hatcheries and turkey 
producers. Achieving these objectives has been difficult and several factors are 
thought to contribute to this difficulty. Three factors that have been implicated in 
poor early PH performance of poults are stage (duration) of egg production, the 
time that poults hatch relative to the "normal" 28-day incubation period, and nutrient 
composition of the hen's diet. 
Because the research reported here was conducted in collaboration with a 
commercial hatchery, some compromises in experimental design were necessary. 
For example, it was not possible to replicate dietary treatments within an 
experiment. There were also differences between diets and strain of turkeys used 
in the two experiments that were confounding factors. Nevertheless, this 
collaborative project provided the opportunity to work with relatively large numbers 
of breeder hens and hatchling poults, thereby facilitating collection of meaningful 
information that is not available in the literature. 
Low livability is usually obsen/ed in poults hatching from hens in their initial 
week (wk) of egg production (wk of lay). Therefore, we compared the growth 
characteristics of poults hatching from hens in their first wk of egg production (1w) 
with poults from the same breeder hens in their 7th wk of egg production (7w). 
Poults hatching from hens in the latter group are believed to acclimate well to feed 
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and water, maintaining consistent growth rates compared with their 1st wk of lay 
counterparts. 
In Experiment 1, the livability (through brooder ring removal on the farm) of 
poults hatching from hens in their 7th wk of egg production was superior to the 
livability observed from poults produced by the same hens in their 1st wk of 
production. Hays and Spear (1952) and McNaughton et al. (1978) also found 
livability of chicks hatching from young hens to be lower through 8 wk of age than 
that of chicks from older hens. We were unable, however, to replicate a similar 
improvement in livability in poults hatching from older breeder hens in Experiment 
2. Regardless, it was the intent of this research to determine possible differences 
in growth that may accompany the livability differences observed between poults 
hatching from young and mature breeder hens. 
In both experiments, heavier eggs laid in the 7th wk of egg production 
hatched heavier poults than did eggs produced in the 1st wk of production. Our 
results confirm early reports by Halbersleben and Mussehl (1922) and Upp (1928), 
that egg wt directly correlates with the resulting wt of the hatching chick. Although 
mean egg wt also increases with the age, or physiological maturity, of a hen 
(Shanawany, 1984), it was not possible to correlate the age of the breeder hen with 
the wt of the hatching fowl. 
Body wt (BW) of poults produced by hens in their 7th wk of egg production 
remained heavier than poults hatching from hens in their 1st wk of production from 
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hatch through 96h PH. Al-Murrani (1978) has also shown that heavier chicks 
hatching from older hens remain heavier throughout the growing period. Moran 
and Reinhart (1981) observed a similar effect with turkey poults, with heavier eggs 
producing heavier poults from hatch through 10 d of age; however the wt 
advantage disappeared during the remaining growing period. 
The liver is energetically an important organ of the poult. It processes 
substrates (carbohydrates, lipids, amino acids, and plasma proteins) provided by 
the yolk sac, gastrointestinal tract, and tissue catabolism. From as early as the 1st 
wk of incubation, the liver utilizes these substrates for energy production and 
conversion into other products for utilization by the liver and other organs 
(Romanoff, 1960). During embryological development, the avian liver is capable of 
anaerobic glycolysis three times as rapidly as the rate normally observed in the 
liver of the mature bird. Blood glucose is hepatically produced in the PH fasting 
poult to homeostatically regulate the plasma concentration to approximately 220 to 
250 mg/dL (Sturkie, 1986). Only after 6 to 7 days of fasting PH will a lethargic 
poult become hypoglycemic (Houpt, 1958). Thus, the avian liver is a very strong 
gluconeogenic organ. 
After given access to feed and water, liver wt, relative to BW, in poults 
produced by hens in their 7th wk of egg production was heavier than that from 
poults produced by hens in their 1st wk of production (72h PH in Experiment 1 and 
at 48h and 72h PH in experiment 2). Thus, the liver from poults hatching from 
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more mature hens (7w) may have a greater capacity to supply the energy and 
nutrient needs for growth than do livers of poults hatching from young hens (1w). 
It is possible that the increased wt of the liver of poults from mature hens is not 
due only to protein accretion, or hypertrophy. Glycogen content of the liver has 
been shown to increase dramatically during the initial postfeeding period of poults 
(Rosebrough etal., 1979; Turner, 1991; Donaldson and Christensen, 1994). 
Unfortunately, hepatic glycogen was not analyzed in the current study. A greater 
proportion of lipid was associated with the liver of poults from hens in the 1st wk of 
production compared with poults from hens at 7 wk of production (data presented 
in a separate manuscript, Tumer, 1995). However the quantity was small in 
relation to the difference between the two treatment means. Without a direct 
measure of hepatic glycogen and protein content, it Is not possible to determine 
whether poults from hens at 7 wk of egg production were more mature, 
physiologically, than poults from hens in the 1st wk of production. 
The egg yolk is the primary source of nutrients for development of the 
incubating embryo (Romanoff, 1960). The yolk is encapsulated by the yolk 
membrane, a synthetic and absorptive tissue which retracts into the body cavity 
with the remaining yolk contents prior to hatch (El-lbiary etal., 1966). The poult 
utilizes the yolk stores for an additional 5 to 6 d PH until it's disappearance (Phelps 
et a/., 1987). The proteins, amino acids and lipids absorbed by the yolk sac 
membrane are transported by the bloodstream to the embryo where they can be 
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Utilized for growth or the production of energy (Freeman and Vince, 1974). This 
source of nutrients is essential until the poult is allowed access to feed and water, 
and possibly even thereafter. 
Previous reports have implicated the inability of poults to derive energy from 
the yolk sac in a depression in PH livability (Noble et aL, 1986). Therefore, in the 
current study, the total yolk sac was separated into two parts, the yolk sac 
membrane and the yolk sac contents, to determine whether a difference in the 
disappearance of these tissues in poults was related to the age of breeder hen. 
Differences in the wt of the total yolk sac related to wk of egg production 
were observed in only the 2nd experiment. The total yolk sac wt, relative to BW, 
was heavier from -15h through 48h PH in poults from hens in their 7th wk of egg 
production compared with poults from hens in their 1st wk of production. Moran 
and Reinhart (1980) also observed that poults from older breeder hens have a 
greater percentage of total yolk sac remaining after hatch. Noble (1986), however, 
reported that, at 19 d of incubation, chicks from younger breeder hens retained a 
heavier total yolk, relative to embryo wt, compared with embryos from older 
breeder hens. Furthermore, Daly and Peterson (1990) found the wt of the 
remaining yolk in chicks was not affected by the age of the breeder hen. There is 
a high degree of variability in the yolk sac wt following hatch. Thus, it is 
reasonable to believe that a higher retention of total yolk wt in poults from older 
breeder hens was present in only one experiment. 
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In Experiment 2, the yolk sac membrane, relative to BW, was heavier in 
poults from hens In their 7th wk of egg production from Oh through 72h PH 
compared with poults from hens in their 1st wk of egg production. Yolk content 
wt, relative to BW, was also heavier in poults from hens in their 7th wk of egg 
production at -15h and Oh PH in Experiment 2 compared with poults from hens in 
their 1st wk of egg production. No differences were present in relative vit of the 
yolk contents by wk of egg production after Oh PH. At 24, 48, and 72h PH poults 
from mature hens (7w) retained a greater amount of yolk membrane, relative to the 
wt of the poult, than poults hatching from young hens (1w). Thus, poults from 
older hens, retaining a heavier yolk membrane, would have a greater capacity to 
transform and transport the yolk contents into the circulation of the PH poult. 
Noble et al. (1986) found that the wt of the yolk membrane and yolk contents, 
relative to the total wt of the yolk, at 19 d of incubation remained constant, 
regardless of the production age of the hen. This observation was not, however, 
used to determine the relative amount of yolk and yolk membrane remaining after 
hatch, relative to the size of the hatching fowl. Noble et al. (1986) has further 
shown, by comparison of tissue lipid content, that embryos from young (25 wk) 
broiler breeder hens exhibit a reduced ability to mobilize lipid from the yolk 
contents into the embryo at 19 d of incubation, as compared with poults from older 
(41 wk) breeder hens. Although the measurements of yolk sac wt commenced at 
hatch, they do provide evidence that poults from older breeder hens have a heavier 
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yolk membrane present PH to facilitate use of the remaining yolk contents by the 
poult. 
Circulating uric acid concentration was used as a measure of amino acid 
catabolism, whether the amino acids emanated from muscle, organs, yolk proteins, 
or circulating amino acids. A review by Pearce (1971) shows that avians rely 
greatly upon hepatic gluconeogenesis following their removal from the incubator 
and until given access to feedstuffs. In an attempt to maintain plasma glucose and 
cellular energy levels, the poult depends upon gluconeogenesis, thereby producing 
high circulating levels of ^-hydroxybutyric acid and uric acid as byproducts of lipid 
and protein catabolism, respectively (Donaldson and Chrlstensen, 1994). 
Although it may be possible to correlate uric acid concentration with an 
energy deprived state of the fasted poult, plasma uric acid cannot be utilized as a 
probable indicator of livability. High uric acid concentrations provide evidence of 
the metabolic stress encountered by the poult. A high circulating concentration of 
uric acid, paralleling high circulating ^ -hydroxybutyric acid (Donaldson and 
Chrlstensen, 1994), would be indicative of a poult attempting to prevent 
hypoglycemia in the latter stages of fasting. Although never determined, the 
adaption of PH avians toward the gluconeogenic reserves of amino acid may 
indicate a mature metabolism capable of overcoming energetic deficits. 
At Oh PH in both experiments, poults from hens in their 1st wk of production 
exhibited a higher plasma uric acid concentration than poults from hens in their 7th 
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wk of production. Poutts from younger hens (1w) also retained a lower proportion 
of lipid in the yolk contents and a greater quantity of lipid in the liver during this 
same sampling period (data reported in a separate manuscript, Turner, 1995) 
compared with poults from mature hens (7w). It would seem that poults from 
young hens can absorb the lipid from the yolk contents and yet have difficulty 
utilizing the lipid once it is transported to the liver. The elevated plasma uric acid 
concentration at this time is further evidence that poults from young hens were 
relying on amino acid catabolism to maintain cellular energy, because of a limited 
ability to utilize the lipid absorbed from the yolk. It is well known that lipids cannot 
be converted to glucose in the eukaryotic system (Stryer, 1988). Thus, a high 
plasma uric acid concentration is evidence that the poult may be approaching 
hypoglycemia. As lipid catabolism overwhelms the mitochondrial Kreb's cycle, 
ketone bodies (^-hydroxybutyric acid) prevail to transport excess cellular acetyl-
CoA to various organs throughout the body. As stated earlier, an increase in 
ketone, bodies tends to parallel an increase in uric acid concentrations in the fasting 
poult (Donaldson and Christensen, 1994). 
Following access to feedstuffs, uric acid concentration tended to decrease 
to a normal concentration, approximately 2.5 mg/dL in the adult chicken (Freeman, 
1984). This would indicate a transition toward carbohydrate-based metabolism, not 
so dependent of gluconeogenesis. Poults from hens in their 7th wk of production 
made a faster transition toward normal circulating uric acid concentrations than 
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poults from hens in their 1st wk of production, exhibiting differences at 72h and 
48h in Experiment 1 and 2, respectively. Plasma uric acid concentration in poults 
from hens In their 1st wk of production remained higher postfeeding, possibly 
indicating an inability to make a smooth metabolic transition from gluconeogenic 
(lipid- and protein-based) precursors to oral (carbohydrate-based) feedstuffs. 
Wallace and Newsholme (1967) have shown that several hepatic metabolic 
intermediates of glycolysis (carbohydrate-based metabolism) remain at levels lower 
than normal for several days PH in avians. Earlier studies (Donaldson and 
Christensen, 1994) have shown that poults return to a relatively low circulating uric 
acid concentration within 24 h of feeding; however, it is unknown whether this 
decrease in uric acid concentration is a true transition away from amino acid 
catabolism or merely a transient shift in metabolism due to the first ingestion of 
feedstuffs. It is, unfortunately, not possible to compare our data with those of 
Donaldson and Christensen (1994) since their study did not continue after 24 h 
postfeeding. Thus, it is possible that poults from hens in their 7th wk of production 
may be able to metabolically acclimate onto feedstuffs more rapidly than poults 
from hens in their 1st wk of production. 
A second area of study dealt with the hatch time of poults. Poults reaching 
the grower in a dehydrated state may originate from early hatch (EARLY) poults. 
Due to differences in hen maturity, EARLY hatch poults may develop in the 
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incubators at a faster pace and hatch earlier than slower developing, late hatch 
(LATE) poults (Shanawany, 1984). 
Moran and Reinhart (1980) found poults hatching near the inside walls of the 
incubator hatched earlier than poults near the outside walls of the incubator, 
presumably due to the increased heating capacity on Inner walls adjacent to other 
incubation units. Poults situated near the top of the incubators also hatch earlier 
than do poults near the middle or bottom of the hatching racks (G. Spasojevic, 
1994, Willmar Poultry Company, Willmar, MN 56201, personal communication). 
Tullet and Deeming (1982) reported that embryonic oxygen consumption was 
directly related to developmental rate of metabolism, thus regulating the rate of 
development. It is well known that chicks from older breeder hens emerge earlier 
than from young breeder hens (Smith and Bohren, 1975). Mather and Laughlin 
(1979) found that the reduced incubation period of eggs from older breeders, 
compared with younger breeders, was associated with an increased embryonic 
development during the first two days of incubation. Overall, growth and livability 
of poults PH are believed to be different between early and late hatch poults (G. 
Spasojevic, 1994, Willmar Poultry Company, Willmar, MN 56201, personal 
communication). Therefore, our studies examined the growth rate and 
physiological maturity of EARLY hatch poults removed from the incubator 15 h 
prior to a full 28 d incubation period. We compared growth of EARLY hatch poults 
with that of poults hatching in the final 15 h of incubation (LATE). 
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Livability was less for poults from hens In the 1st wk of egg production than 
with poults from hens in their 7th wk of production. The reduced livability of poults 
from younger hens (1w) can be further separated by the time of poult hatch. In 
both experiments, poults from hens in their 1st wk of production that were hatched 
and removed from the incubator at -15h prior to the normal 28 d incubation 
(EARLY) showed improved livability compared with poults removed from the 
incubators at the full 28 d of incubation (LATE). In contrast, Williams et al. (1951) 
reported no relationship between hatch time and chick livability. Moran and 
Reinhart (1980) also found no differences in livability of poults through 2 wk of age 
in relation to hatch time. Hays (1941) reported that early emerging chicks exhibited 
an improved livability through the growing period compared with late emerging 
chicks. However. Buhr et al. (1993) reported a decreased livability through 4 wk of 
age in early emerging poults. The data of Experiment 1 of the current research 
supported the report of Hays (1941) more than did the results of Experiment 2. 
EARLY hatch poults (hatched and dry 15 h earlier than LATE hatch poults) 
were lighter than LATE hatch poults at Oh and 24h PH in both experiments. Buhr 
et al. (1993) also observed that late hatching poults were heavier at placement than 
early hatching poults. The reduced BW of EARLY hatch poults may be due to 
dehydration resulting from emerging from the egg before LATE hatch poults. 
Poults denied access to feed and water after removal from the hatching trays in the 
incubator exhibit a reduced BW primarily due to dehydration fTurner, 1991). 
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Previous studies at Iowa State University showed that restricting access of poults to 
feed and water increased the packed ceil volume of blood, a direct indicator of 
dehydration (K. Turner, unpublished data). Upon visual inspection of the shanks of 
poults at 24h PH in the current research it was evident that poults were more 
dehydrated than at the Oh PH sampling time. Because EARLY hatch poults 
emerged from eggs before LATE hatch poults, the energy expenditure and water 
requirement for survival of EARLY hatch poults would be higher when compared 
with LATE hatch poults. Prior to access to feed and water at 24h PH, a means for 
rehydration was not possible. Therefore, it is probable that EARLY hatch poults 
were more dehydrated than LATE hatch poults, resulting in a lighter BW. However, 
blood packed cell volume was not determined to verify this assumption. 
In Experiment 2, EARLY hatch poults were heavier at 48h PH (24 h 
postfeeding) than LATE hatch poults. Williams etal. (1951) reported that early 
emerging chicks showed a slight advantage in growth when given feed and water 
in comparison to late emerging chicks; however, statistical measures of the 
advantage were not reported. EARLY hatch poults, emerging from the egg early in 
the incubation period, could be physiologically more mature than LATE hatch 
poults. EARLY hatch poults exhibited a heavier liver wt, relative to BW, in both 
experiments at Oh PH. The absolute wt of the liver, jejunum and pancreas also 
increased during the initial PH fast experienced by poults (data not shown). 
Rehydration of a more physiologically mature EARLY hatch poult would provide a 
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heavier poult in the first 24 h postfeeding. The heavier BW of EARLY hatch poults 
at 48h PH was, however, observed in only one experiment. 
No differences in BW related to hatch time of poults were present through 
poult removal from the brooder ring on the farm. Previous reports have shown that 
EARLY hatch poults exhibited heavier BW at 8 to 10 d PH (G. Spasojevic, 1994, 
Willmar Poultry Company, Willmar, MN 56201, personal communication), and at 14 
d of age (Moran and Reinhart, 1980). Early hatching chicks also showed improved 
BW at 4 wk of age (Hager and Beane, 1979) and at 12 wk of age (Henderson and 
Champion, 1948). Hays (1941) and Williams et al. (1951) also found that early 
emerging chicks reached sexual maturity at a younger age. Our studies, however, 
showed no effect of hatch time on BW at time of removal from the brooder ring on 
the farm. 
In both experiments, liver wt, relative to BW, was heavier in EARLY hatch 
poults at Oh PH compared with LATE hatch poults. Christensen and Donaldson 
(1992) reported that early emerging poults had heavier livers prior to feed intake, 
24 h after removal from the incubators. Since EARLY hatch poults emerge prior to 
LATE hatch poults, dehydration Is prevalent until water and feed are accessible at 
24h PH. Also, the supply organs continue to accrete tissue through the holding 
period by utilizing residual yolk when feed is not present. It is, therefore, plausible 
that the liver wt, relative to BW, should be heavier in a dehydrating poult when the 
organ is still undergoing hypertrophy. 
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Differences in yolk resorption were evident in poults by hatch time in both 
experiments. LATE hatch poults retained a heavier total yolk sac wt, relative to 
BW, than EARLY hatch poults from Oh through 72h and 48h in Experiments 1 and 
2, respectively. Weight of the yolk membrane, relative to BW, was heavier in LATE 
hatch poults from Oh through 48h and 72h PH in Experiments 1 and 2, 
respectively, compared with EARLY hatch poults. Yolk sac content, relative to BW, 
was also heavier in LATE hatch poults from Oh through 24h and 48h PH in 
Experiments 1 and 2, respectively, compared with EARLY hatch poults. The 
greater retention of the total yolk sac by LATE hatch poults was distributed 
between the presence of the yolk membrane and the utilization of yolk contents 
throughout the early PH period. Thus, the difference in yolk sac disappearance 
between hatch times was related to the time of poult emergence from the shell. 
Prior to emergence from the shell, oxygen and carbon dioxide are 
transported to the developing poult by diffusion across the shell membranes (Ar et 
al., 1980). Convection of gases by the lung of the poult begins when the embryo 
pierces the inner shell membrane into the air cell, initiating a slow systematic 
transition of gas exchange from the shell membrane to the lungs. Upon 
emergence from the shell, gas transport for the poult is limited to convection of the 
lung. The increased availability of oxygen to the poult after hatch provides an 
increased concentration of the fuel required to drive metabolism. Applying this to 
the present study, EARLY hatch poults would be exposed to a higher availability of 
53 
oxygen for an extended period of time in comparison to LATE hatch poults, both in 
the incubators as well as in the hatching boxes. Therefore, an increase in oxygen 
availability increases the metabolic needs of the poult, further depleting the energy 
stores (both yolk sac contents and hepatic glycogen), and possibly decreasing the 
overall wt of the yolk sac. It has been hypothesized that EARLY hatch poults were 
merely able to escape the barrier of the shell faster than LATE hatch poults, thus 
depleting the energy stores (yolk contents and hepatic glycogen) of LATE hatch 
poults (Ferket, personal communication). The results of the current study do not 
support this hypothesis. 
In both experiments, plasma uric acid concentration was higher in EARLY 
hatch poults at 24h PH than in LATE hatch poults. EARLY hatch poults are 
believed to exhibit a better growth performance (Moran and Reinhart, 1980) and 
livability (G. Spasojevic, 1994, Wlllmar Poultry Company, Willmar, MN 56201, 
personal communication) than LATE hatch poults, as was shown by the livability 
reported in Experiment 1 at 1w of lay. Therefore, uric acid concentration does not 
seem to be indicative of depressed livability. At 24h PH, EARLY hatch poults had a 
lower amount of yolk sac content remaining than did LATE hatch poults. EARLY 
hatch poults also endured an extended fast since emergence from the shell as 
compared with LATE hatch poults. Therefore, short-term gluconeogenic 
precursors (glycogen) in EARLY hatch poults may be lower than in LATE hatch 
poults (Christensen and Donaldson, 1992), forcing EARLY hatch poults to rely 
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upon amino acid catabolism for gluconeogenesis to a greater extent than LATE 
hatch poults. 
From these studies we can conclude that growth differences do exist in 
poults as related to production age of the breeder hen. Poults from older breeder 
hens G^w) showed improved livability through release from the brooder rings at the 
farm when compared with poults from younger breeder hens (1w). Heavier poults 
emerged from heavier eggs laid from older breeder hens in both experiments. 
Poults from older breeder hens also maintained a heavier BW through 96h PH 
when compared with poults from younger breeder hens. The liver wt, relative to 
BW, of poults from older hens was heavier following access to feed and water. 
Poults from older hens retained a heavier yolk sac membrane, relative to BW, at 
24, 48, and 72h PH compared with poults from young hens, providing a greater 
means to transform and transport the yolk content to the poult for utilization. Also, 
following access to feedstuffs, poults from older hens decreased their reliance on 
gluconeogenesis (as measured by plasma uric acid concentration synthesized from 
catabolism of amino acids) more rapidly than poults from younger hens. These 
differences by age of the breeder hen may be related to physiological differences 
present prior to hatch. Noble (1987) believed that a significant disturbance in the 
chain of lipid metabolic events, that normally ends in hatching, occurred in eggs 
from very young breeder hens. 
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Growth differences also existed in relation to the hatch time of poults. In the 
1st experiment, EARLY hatch poults showed improved livability through release 
from the brooder rings at the farm compared with LATE hatch poults. At 0 and 
24h PH, EARLY hatch poults were lighter than LATE hatch poults, possibly due to 
prolonged dehydration. In the 2nd experiment, EARLY hatch poults were heavier 
at 48h PH (24 h postfeeding) than LATE hatch poults, possibly through rehydration 
of a greater body mass. Liver wt, relative to BW, at Oh PH was heavier in EARLY 
hatch poults compared with LATE hatch poults. Yolk resorption, as measured by 
the remaining wt of the yolk membrane and yolk contents, relative to BW, was 
delayed in LATE hatch poults compared with EARLY hatch poults. Also, at 24h 
PH, EARLY hatch poults were able to catabolize amino acids (as measured by 
plasma uric acid concentration) at a higher rate than LATE hatch poults, 
maintaining gluconeogenesis prior to feed intake. The differences by the hatch 
time of poults could be better described as a difference in poult maturity due to 
time of emergence from the shell. To further supplement this conclusion, 
differences were observed in pancreatic and jejunal enzymes of poults in the 
current research (data shown in Appendix 1; Tables 18,19, and 20). Pancreatic 
lipase activity (mg naphthol produced per pancreas; Table 18) at Oh PH was higher 
in EARLY hatch poults compared with LATE hatch poults in Experiment 1. Jejunal 
maltase activity (units activity per mg of tissue protein) was also greater at 24h PH 
in EARLY hatch poults compared with LATE hatch poults in both experiments. 
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These differences were observed prior to feed intake and suggest that digestive 
processes were more developed in EARLY than in LATE hatch poults. 
In each experinnent, interactions between the effects of age of breeder hen 
and hatch time of poults did not exist. It is probable that a lack of interaction was 
due to the difference in the two main effects studied. Poults from different age 
breeder hens were physiologically different at hatch, as was also reported by Noble 
(1987). Poults from younger breeder hens exhibited a reduced capacity to utilize 
the remaining yolk material, possibly sacrificing growth in the early PH period due 
to an energy deficit. On the otherhand, differences in growth by the hatch time of 
the poult were due to the maturity of the poult. EARLY hatch poults, although 
lighter at 28 d of incubation (Oh PH), were physiologically more mature than their 
LATE hatching counterparts. The difference in the physiological system of EARLY 
and LATE hatch poults was reliant upon the emergence time of poult from the 
incubator, not the ability (or inability) of the poult to resorb the remaining yolk sac 
content, as was the case with poults from young breeder hens. 
Inten^ention to enhance the livability and growth of poults is crucial. Moran 
and Reinhart (1980) believed that the economic return of removing EARLY hatch 
poults from the incubators, by improving their livability, would offset the increased 
labor cost of removing poults twice from each incubator. Christensen and 
Donaldson (1992) reported that differences in hatching and removal times of poults 
from the incubators resulted in excessive utilization of stored carbohydrates. 
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possibly sacrificing posthatch performance. Williams ef al. (1951), however, 
reported that it would be uneconomical for hatcherymen to remove and segregate 
early emerging chicks. The livability of EARLY hatch poults was superior to LATE 
hatch poults in our studies. Leaving these poults in the incubators for an additional 
15 h would be detrimental to their survival. Thus, removing early emerging poults 
from the hatching trays would maximize their potential for PH growth. 
Improving the livability of poults from hens in the 1st wk of production to the 
level often observed with poults from hens in the 7th wk of production is a 
multivariate problem. Possible variables that could improve the livability of poults 
from young hens would include nutrition of the breeder hen (Tullett, 1990), 
modifying humidity profiles and egg setting classes for incubation to accommodate 
for the differences in water-vapor conductance of turkey eggs (Tullett, 1990), and 
supplementing oxygen to eggs of low shell conductance to maxinnize hatchability 
and PH growth potential of turkey embryos (Meir and Ar, 1987). Our results 
indicate that increasing the a-linolenic (u-3) fatty acid content of the breeder hen 
diet did not improve the growth and livability of poults from young breeder hens. 
Other possible strategies for improving the livability of poults from young hens 
include supplementing the prelay breeder hen diet with different sources of oil (eg., 
soybean, sunflower, or canola oil), correcting the acid-base ratio of the diet, and 
reducing the stress of breeder hens adjusting to egg production. 
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TABLE 1. Turkey breeder hen prelay diets  ^ for Experiments 1 and 2. 
Experiment 1 Experiment 2 
Ingredient Normal High Normal High 
- - (% of the diet) - -
Corn (rolled) 34.07 29.42 30.90 29.54 
Corn (ground) 25.00 25.00 25.00 25.00 
Animal-vegetable fat 1.00 3.50 1.75 1.00 
Fishmeal (Peruvian) - 5.00 - 5.00 
Rax oil - - - 1.25 
Limestone 2.22 2.14 2.25 2.29 
Dicalcium phosphate (18.5% P) 2.27 1.82 2.26 1.77 
Canola meal (34% protein) 12.50 12.50 12.50 12.50 
Soymeal (47% protein) 8.15 1.28 9.37 1.68 
Wheat clears 5.02 6.18 6.44 9.35 
Wheat middlings 7.64 11.02 7.35 7.50 
Vitamin premix .50 .50 .50 .50 
Mineral premix .46 .46 .46 .45 
Other 1.17 1.18 1.22 2.17 
Total 100 100 100 100 
Calculated analysis 
ME, kcal / kg diet 2900 2900 2900 2990 
Determined analysis 
Crude protein 15.77 15.90 15.21 15.17 
Dry matter 89.6 90.3 89.1 88.9 
Lipid 5.69 6.44 4.07 5.24 
Ash 6.34 6.69 6.66 7.24 
 ^ Diet is denoted as a prelay diet containing normal (Normal) or high 
levels of (i>-3 polyunsaturated fatty acids (High) in each experiment. 
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TABLE 2. Incubation time of breeder hen eggs in 
Experiment 1. 
Week 
of lay' 
Hatch 
time  ^
Breeder hen strain 
Hybrid 
1w 
1w 
7w 
7w 
(h of incubation) 
EARLY 658 
LATE 673 
EARLY 651 
LATE 666 
' Reproductive age of turkey breeder hens; first (1w) 
and seventh (7w) wk of egg lay. 
 ^Removal time of poults from the incubators; -15 h prior 
to 28 d (EARLY) or at 28 d (LATE) of incubation. 
TABLE 3. Incubation time of breeder hen eggs in 
Experiment 2. 
Week 
of lay' 
Hatch 
time  ^
Breeder hen strain 
Nicholas 
1w 
1w 
7w 
7w 
EARLY 
LATE 
EARLY 
LATE 
(h of incubation) 
667 
682 
659 
674 
' Reproductive age of turkey breeder hens; first (1w) 
and seventh (7w) wk of egg lay. 
 ^Removal time of poults from the incubators; -15 h prior 
to 28 d (EARLY) or at 28 d (LATE) of incubation. 
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TABLE 4. Egg wt and subsequent hatching poutt livability, Experiment 1. 
Week of lay  ^ Hatch time  ^ Egg wt Uvability  ^
- (g) - - (%) -
1w EARLY 73.7 80.9 
1w LATE 73.7 53.2 
7W EARLY - 88.1 
7w LATE - 95.8 
 ^ Production age of turl<ey breeder Inens, first (1w) or seventh (7w) wk of 
egg lay. 
Removal time from the incubators, -ISh prior to 28 d (EARLY) or at 28 d 
(LATE) of incubation. 
 ^Livability of the poults placed in brooder rings at a local turkey farm, 
throughIO and 8 d PH in 1w and 7w poults, respectively. 
TABLE 5. The effect of week of egg production (week of lay) and poult hatch 
time on poult BW at sampling. Experiment 1. 
raaBssasaaBsaBassKBsasssssBBSBSss^ saBSBBSsassssas 
Wk Hatch Hours relative to 28 days incubation 
Lay  ^ Time  ^
-15 0 24 72 96 
- (g/poult) -
1w EARLY 47.1 47.4 42.0 52.4 63.0 
1w LATE - 49.8 43.8 52.4 60.7 
7w EARLY 58.9 55.4 50.2 67.3 81.1 
7w LATE - 59.2 54.3 64.4 78.8 
SEM® .8 1.3 1.1 2.2 3.2 
Main effect means 
Wk 1w 47.1 48.6 42.9 52.4 61.9 
Lay 7w 58.9 57.3 52.2 65.8 80.0 
Hatch EARLY 53.0 51.4 46.1 59.8 72.1 
Time LATE - 54.5 49.0 58.4 69.8 
Source of variation ~ Probabilities — 
Model .001 .001 .001 .001 .001 
Lay .001 .001 .001 .001 .001 
Hatch - .03 .02 .52 .49 
Lay X Hatch - .58 .32 .52 .99 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean; n=10 in 1w and 7w poults from -15h through 
72h PH and in 7w poults at 96h, n=8 in 1w poults at 96h PH. 
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TABLE 6. The effect of week of egg production (week of lay) and poult hatch 
time on liver wt, relative to BW, Experiment 1. 
Wk 
Lay' 
Hatch 
Time  ^
Hours relative to 28 days incubation 
-15 24 72 96 
1w 
1w 
EARLY 
LATE 
(g liver/100 g BW) 
2.25 2.58 2.82 3.51 4.01 
2.44 2.90 3.20 3.86 
7w 
7w 
EARLY 
LATE 
SEM  ^
2.49 
.04 
2.78 
2.39 
.06 
2.72 
2.75 
.05 
3.91 
3.78 
.15 
3.99 
3.67 
.09 
Main effect means 
Wk 1w 2.25 2.51 2.86 3.35 3.93 
Lay 7w 2.49 2.58 2.73 3.85 3.83 
Hatch EARLY 2.37 2.68 2.77 3.71 4.00 
Time LATE . 2.41 2.82 3.49 3.76 
Source of variation Probabilities 
Model .005 .002 .14 .02 .06 
Lay .005 .24 .04 .005 .29 
Hatch - .001 .37 .17 .02 
Lay X Hatch - .07 .64 .54 .39 
' First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
® Standard Error of the Mean; n=10 in 1w and 7w poults from -15h through 
72h PH and in 7w poults at 96h, n=8 in 1w poults at 96h PH. 
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TABLE 7. The effect of week of egg production (week of lay) and poult hatch 
time on total yolk sac wt, relative to BW, Experiment 1. 
Wk Hatch Hours relative to 28 days incubation 
Lay  ^ Time  ^
-15 0 24 72 96 
(g yolk sac/100 g BW) 
1w EARLY 8.75 7.54 4.34 1.62 .82 
1w LATE - 9.87 5.85 2.62 2.30 
7w EARLY 9.47 7.38 4.22 1.34 .93 
7w LATE - 12.50 7.33 1.84 1.21 
SEM  ^ ^53 ;82 ;45 ^28  ^
Main effect means 
Wk 1w 8.75 8.70 5.09 2.12 1.56 
Lay 7w 9.47 9.94 5.78 1.59 1.07 
Hatch EARLY 9.11 7.46 4.28 1.48 .87 
Time LATE - 11.18 6.59 2.23 1.75 
Source of variation Probabilities 
Model .37 .001 .001 .03 .34 
Lay .37 .15 .15 .08 .42 
Hatch - .001 .GDI .02 .16 
Lay X Hatch - .11 .09 .40 .32 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of Incubation. 
 ^Standard Error of the Mean; n=10 in 1w and 7w poults from -15h through 
72h PH and in 7w poults at 96h, n=8 in 1w poults at 96h PH. 
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TABLE 8. The effect of week of egg production (week of lay) and poult hatch 
time on yolk membrane wt, relative to BW, Experiment 1. 
Wk Hatch Hours relative to 28 days incubation 
Lay Time . n oa to qc 
(g yolk membrane/100 g BW) 
1w EARLY 4.38 4.02 2.13 .54 .22 
1w LATE - 4.43 2.85 .89 .40 
7w EARLY 5.43 4.05 1.93 .59 .32 
7w LATE - 5.78 3.15 .94 .38 
SEM® .20 .35 .20 .09 .056 
Main effect means 
Wk 1w 4.38 4.22 2.49 .71 .31 
Lay 7w 5.43 4.92 2.54 .76 .35 
Hatch EARLY 4.90 4.03 2.03 .56 .27 
Time LATE - 5.10 3.00 .91 .39 
Source of variation Probabilities 
Model .006 .007 .001 .008 .18 
Lay .006 .06 .81 .59 .44 
Hatch - .007 .001 .001 .06 
Lay X Hatch - .07 .22 .98 .32 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean; n=10 in 1w and 7w poults from -15h through 
72h PH and in 7w poults at 96h, n=8 in 1w poults at 96h PH. 
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TABLE 9. The effect of week of egg production (week of lay) and poult hatch 
time on yolk sac content wt, relative to BW. Experiment 1. 
Wk 
Lay  ^
Hatch 
Time  ^
Hours relative to 28 days incubation 
•15 24 72 96 
1w 
1w 
EARLY 
LATE 
4.40 3.52 
5.44 
(g yolk/100 g BW) - -
2.21 1.08 
3.00 1.73 
.60 
1.90 
7w EARLY 4.03 3.33 2.27 .75 .61 
7w LATE - 6.72 4.18 .91 .82 
SEM  ^ ^50 ^62 ^44 ^3  ^
Main effect means 
Wk 1w 4.40 4.48 2.60 1.40 1.25 
Lay 7w 4.03 5.02 3.23 .83 .71 
Hatch EARLY 4.22 3.42 2.24 .91 .60 
Time LATE - 6.08 3.59 1.32 1.36 
Source of variation Probabilities 
Model .62 .003 .02 .05 .35 
Lay .62 .39 .17 .03 .35 
Hatch - .001 .007 .11 .19 
Lay X Hatch - .25 .22 .31 .34 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean; n=10 in 1w and 7w poults from -15h through 
72h PH and in 7w poults at 96h, n=8 in 1w poults at g6h PH. 
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TABLE 10. The effect of week of egg production (week of lay) and poult hatch 
time on uric acid concentration in poults, Experiment 1. 
Wk Hatch Hours relative to 28 days incubation 
Lay Time _ _ „ 
(mg uric acid/dL plasma) 
1w EARLY 8.17 7.44 10.32 8.34 7.02 
1w LATE - 11.75 9.83 8.99 6.91 
7w EARLY 6.70 6.55 13.75 5.14 6.83 
7w UTE - 9.56 8.92 5.29 6.05 
SEM® 
.29 .41 1.0 .7 .48 
Main effect means 
Wk 1w 6.16 9.59 10.08 8.67 6.97 
Lay 7w 6.70 8.05 11.34 5.21 6.43 
Hatch EARLY 6.43 6.99 12.04 6.74 6.92 
Time LATE - 10.65 9.38 7.14 6.48 
Source of variation ............ Probabilities -
Model .22 .001 .02 .001 .46 
Lay .22 .002 .24 .001 .29 
Hatch - .001 .02 .58 .33 
Lay X Hatch - .14 .05 .72 .50 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean; n=10 in 1w and 7w poults from -15h through 
72h PH and in 7w poults at 96h, n=8 in 1w poults at 96h PH. 
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TABLE 11. Egg wt and subsequent hatching poult livability and brooder ring 
poult wt, Experiment 2. 
Week of lay  ^ Hatch time  ^ Egg wt Poult wt® Livability'' 
- (g ) - - (g ) - - (%) -
1w EARLY 80.5 139 95.3 
1w LATE 80.5 132 87.2 
7w EARLY 90.3 140 94.9 
7w LATE 90.3 140 92.8 
 ^ Production age of turkey breeder hens, first (1w) or seventh (7w) wk of egg lay. 
 ^Removal time from the incubators, -15h prior to 28 d (EARLY) or at 28 d (LATE) 
of incubation. 
® Poult wt at time of release from the brooder rings at a local turkey farm, through 
10 and 8 d PH in 1w and 7w poults, respectively. 
 ^Livability of the total poults placed in brooder rings at a local turkey farm, 
throughIO and 8 d PH in 1w and 7w poults, respectively. 
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TABLE 12. The effect of week of egg production (week of lay) and poult hatch 
time on body wt, Experiment 2. 
Wk of Hatch Hours relative to 28 days incubation 
Lay Time . _  ^ _ 
(g) 
1w EARLY 58.0 52.7 47.9 56.6 60.6 73.0 
1w LATE - 55.7 49.3 53.4 59.3 73.3 
7w EARLY 65.5 60.5 55.1 68.2 67.3 82.4 
7w LATE - 66.3 57.6 66.0 73.3 89.3 
SEM® .7 1.0 .9 1.0 2.0 2.0 
Main effect means 
WkOf 1w 56.0 54.2 48.6 55.0 59.9 73.1 
Lay 7w 65.2 63.4 56.4 67.1 70.3 85.9 
Hatch EARLY 60.7 56.6 51.5 62.4 63.9 77.7 
Time LATE - 61.0 53.4 59.7 66.3 81.3 
Source of variation Probabilities 
Model .001 .001 .001 .001 .001 .001 
Lay .001 .001 .001 .001 .001 .001 
Hatch - .001 .04 .01 .25 .08 
Lay X Hatch - .19 .54 .60 .07 .10 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean, n = 10 for all ages. 
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TABLE 13. The effect of week of egg production (week of lay) and poult hatch 
time on liver wt, relative to BW, Experiment 2. 
Wk of Hatch Hours relative to 28 days incubation 
Lay  ^ Time  ^
-15 0 24 48 72 96 
(g/100gBW) 
1w EARLY 2.10 2.48 2.63 3.22 3.55 3.82 
1w LATE - 2.20 2.80 2.96 3.34 3.90 
7w EARLY 
7w LATE 
SEM  ^
Main effect means 
Wk of 1w 
Lay 7w 
Hatch EARLY 
Time LATE 
Source of variation 
Model 
Lay 
Hatch 
Lay X Hatch 
1.96 2.49 
2.16 
.05 .05 
2.10 2.34 
1.96 2.32 
2.03 2.48 
2.18 
.07 .001 
.07 .70 
.001 
.61 
2.90 3.65 
2.76 3.51 
.05 .09 
2.71 3.09 
2.83 3.58 
2.76 3.43 
2.78 3.23 
Probabilities --
.02 .001 
.05 .001 
.82 .04 
.01 .54 
409 4.01 
3.74 3.68 
.10 .11 
3.44 3.86 
3.91 3.85 
3.82 3.91 
3.54 3.79 
.001 .18 
.001 .91 
.01 .25 
.48 .06 
 ^ Frst (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
® Standard Error of the Mean, n = 10 for all ages. 
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TABLE 14. The effect of week of egg production (week of lay) and poult hatch 
time on total yolk wt, relative to BW, Experiment 2. 
Wk of Hatch Hours relative to 28 days incubation 
Lay Time __ 
(g/100 g BW) 
1w EARLY 10.42 8.44 4.30 2.59 1.57 1.20 
1w LATE - 10.31 6.49 3.69 2.08 1.57 
7w EARLY 12.78 9.74 8.00 3.78 2.17 1.40 
7w LATE - 12.52 7.55 5.12 2.49 .95 
SEM  ^ .58 .39 .46 .36 .28 .18 
Main effect means 
Wk of 1w 10.42 9.38 5.39 3.14 1.83 1.39 
Lay 7w 12.78 11.13 7.78 4.45 2.33 1.18 
Hatch EARLY 11.60 9.09 6.15 3.19 1.87 1.30 
Time LATE - 11.42 7.02 4.40 2.29 1.26 
Source of variaiton Probabilities 
Model .008 .001 .001 .001 .16 .11 
Lay .008 .001 .001 .001 .08 .25 
Hatch - .001 .07 .002 .15 .83 
Lay X Hatch - .24 .007 .74 .74 .03 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
® Standard Error of the Mean, n = 10 for all ages. 
TABLE 15. The effect of week of egg production (week of lay) and poult hatch 
time on yolk membrane wt, relative to BW, Experiment 2. 
aBSnaHBaSSBSMHESBaSBSSSaBBBSSSSBBSBSSaBBaBBaSBBSlSB^^SSSSSSS 
Wkof Hatch Hours relative to 28 days incubation 
Lay' Time  ^
-15 0 24 48 72 96 
• -(g/100gBW)-
1w EARLY 5.47 4.56 1.73 1.07 .52 .29 
1w LATE - 5.20 2.14 1.33 .67 .39 
7w EARLY 5.44 4.81 2.75 1.77 .92 .43 
7w LATE - 6.00 3.28 2.27 1.03 .40 
SEM® .27 .21 .16 .11 .05 .04 
Main effect means 
Wk of 1w 5.47 4.88 1.93 1.20 .59 .34 
Lay 7w 5.44 5.41 3.01 2.02 .97 .42 
Hatch EARLY 5.45 4.68 2.24 1.42 .72 .36 
Time LATE - 5.60 2.71 1.80 .85 .39 
Source of variation Probabilities ~ 
Model .94 .001 .001 .001 .001 .17 
Lay .94 .02 .001 .001 .001 .10 
Hatch - .001 .005 .002 .02 .48 
Lay X Hatch - .21 .71 .30 .70 .17 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean, n = 10 for all ages. 
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TABLE 16. TTie effect of week of egg production (week of lay) and poult hatch 
time on yolk content wt, relative to BW, Experiment 2. 
Wkof Hatch Hours relative to 28 days incubation 
Lay  ^ Time  ^
-15 0 24 48 72 96 
• - (g/100 g 1
 
1 
1w EARLY 4.88 3.82 2.57 1.52 1.06 .91 
1w LATE - 5.01 4.66 2.35 1.41 .94 
7w EARLY 7.34 4.93 5.23 2.00 1.19 .96 
7w LATE - 6.52 4.27 2.80 1.46 .55 
SEM® .44 .36 .48 .28 .25 .15 
Main effect means 
Wkof 1w 4.88 4.42 3.61 1.94 1.23 .93 
Lay 7w 7.34 5.73 4.75 2.40 1.33 .76 
Hatch EARLY 6.11 4.37 3.90 1.76 1.12 .94 
Time LATE - 5.77 4.46 2.58 1.44 .75 
Cni irPA r\i wdrSsitirM^ Prnhahilitipc •— wUUi wD Ul Vdl loUUI 1 
Model .001 .001 .003 .02 .63 .20 
Lay .001 .001 .02 .11 .71 .28 
Hatch - .X1 .25 .007 .21 .22 
Lay X Hatch - .57 .003 .95 .87 .15 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean, n = 10 for all ages. 
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TABLE 17. The effect of week of egg production (week of lay) and poutt hatch 
time on plasma uric acid concentration, Experiment 2. 
Wk of Hatch Hours relative to 28 days incubation 
Lay Time  ^
(mg/dL) 
1w EARLY 8.21 7.30 17.32 8.79 5.52 4.22 
1w LATE - 9.40 11.87 8.20 6.19 3.46 
7w EARLY 5.94 8.33 8.50 6.22 5.91 4.27 
7w LATE - 6.44 6.72 6.46 4.57 4.76 
SEM® .29 .49 1.25 .79 .63 .46 
Main effect means 
Wk of 1w 6.21 8.35 14.59 8.50 5.86 3.84 
Lay 7w 5.94 7.39 7.61 6.34 5.24 4.51 
Hatch EARLY 6.07 7.81 12.91 7.51 5.72 4.24 
Time LATE - 7.92 9.29 7.33 5.38 4.11 
Source of variation Probabilities 
Model .53 .001 .001 .07 .30 .27 
Lay .53 .05 .001 .01 .34 .15 
Hatch - .83 .006 .82 .60 .77 
Lay X Hatch - .001 .15 .61 .-15 .18 
 ^ First (1w) and seventh (7w) wk of egg production. 
 ^Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean, n = 10 for all ages. 
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THE EFFECT OF REPRODUCTION PHASE OF BREEDER HENS, 
POULT HATCH TIME, AND FATTY ACID SUPPLEMENTATION 
OF THE BREEDER HEN DIET ON FATTY ACID COMPOSITION 
OF EGG, YOLK SAC, AND LIVER IN POSTHATCH POULTS 
A paper submitted to Poultry Science 
Keith A. Turner, Jerry L. Sell, and Todd J. Applegate 
ABSTRACT 
In two experiments, yolk and liver fatty acid composition were determined in 
poults hatching from breeder hen flocks in their 1st (1w) and 7th (7w) week of 
production. Within each week of production, yolk and liver composition were 
analyzed by poult hatching time through 96 h posthatch (PH). The breeder hen 
diet in Experiment 2 was supplemented with flax oil to increase the (>>-3 fatty acid 
concentration. Poults were given ad libitum access to feed and water at 24 h PH. 
No differences in fatty acid or lipid concentration were observed by hatch time of 
the poult in either experiment. In Experiment 1, liver stearic acid percentage was 
higher (p<.001) in 1w poults prior to feeding compared with 7w poults. After 
feeding, liver oleic acid (018:1) percentage was lower (p<.001) in 7w poults than in 
1w poults. In Experiment 2, (i)-3 fatty acid supplementation of the breeder hen diet 
increased (p<.01) the linolenic acid (018:3,w-S) concentration of the egg yolk and 
yolk sac contents from hatch through 96h PH. Also, the linolenic and 
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docosahexaenoic acid (C22:6,u-3) concentration of the liver of PH was higher in 
poults from the high w-3 diet fronn hatch through 96h PH. Liver arachidonic acid 
(C20:4,(i>-6) concentration was lover (p<.001) in poults from hens fed the u-3 
supplemented diet from hatch through 72h PH. Lipid concentration of the yoll< was 
greater (p<.01) In 7w poults prior to feeding. Concurrently, liver lipid content was 
higher (p<.02) in 7w poults from hatch through 96h PH compared with 1w poults. 
Feeding breeder hens a high (ih3 fatty acid diet increased incorporation of the u-3 
fatty acids in the yolk and liver of PH poults. The reduced yolk lipid and increased 
liver lipid in 1w poults indicates a reduced capacity of these poults to utilize energy 
from lipid oxidation. 
{Key words: Breeder hen, poult, fatty acid, liver, yolk) 
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INTRODUCTION 
Uvability of poults following grower farm placement is a prinfiary concern of 
the turkey industry. In the past, poor livability of posthatch (PH) poults has been 
associated with the reproductive age of the breeder hen (McNaughton etal., 1978). 
Previous studies have reported that chicks from young breeder hens have a 
different rate of yolk and lipid absorption than chicks from older breeder hens 
(Noble et a/., 1986; Daly and Peterson, 1990). Poor poult livability has also been 
associated with the time of poult emergence in the incubators (Buhr ef a/., 1993), 
although the underlying causes remain unknown. Because approximately 90% of 
the total energy requirement of the developing embryo is derived from fatty acid 
oxidation (Boell, 1957), poor assimilation or utilization of the lipid reserves of the 
yolk contents would be detrimental to the livability of a hatchling. 
It has been well established that the fatty acid composition of the hen's diet 
is reflected in the fatty acid composition of the egg (Cruikshank,1934; Fisher and 
Leveille, 1957; Murty and Reiser, 1961). Cherian and Sim (1993) further reported 
that feeding diets high in oleic, linoleic, and linolenic acids resulted in the 
subsequent incorporation of these fatty acids in the hatchlings. Modifying the fatty 
acid composition of the breeder hen's diet can affect embryonic development and 
hatchability (Noble and Cocchi, 1990). Vilchez et al. (1992) reported the addition of 
palmitic acid in the breeder hen diet increased yolk absorption by the embryo. 
However, feeding hens a linoleic deficient diet reduced fertility and hatchability, and 
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increased early embryonic mortality (Menge et a/., 1965). Similarly, the addition of 
cyciopropene fatty acids from cottonseed oil can drastically reduce hatchability 
(Donaldson, 1981). Therefore, the viability of embryos can be affected by 
modifying the fatty acid composition of the breeder hen diet. 
The following studies examined the lipid and fatty acid composition of the 
egg, the yolk sac contents, and liver in PH poults from hatch through 96 h PH. 
The primary objective was to examine the lipid and fatty acid composition of the 
yolk and liver from poults as related to the age of breeder hen. The (i)-3 fatty acid 
content of the breeder hen diet was modified to determine its impact on the 
subsequent poult. Also, the time of poult emergence in the incubator was 
examined for its effect upon the lipid and fatty acid composition of the poult's yolk 
and liver. 
MATERIALS AND METHODS 
Two experiments were conducted utilizing breeder hen flocks and their 
respective hatchling poults at the Willmar Poultry Company, Inc., Willmar, MN. 
Each experiment examined poults hatching from eggs laid by paired breeder hen 
flocks during the first and seventh week of egg production. Fatty acid 
supplementation to the hen diet, production age of breeder hens, and time of poult 
hatching were the main effects analyzed. 
Experiment 1 
The first experiment utilized two flocks of Hybrid breeder hens in the fail of 
1993. At 31 wk of age, both breeder hen flocks were fed a prelay diet and length 
of light was increased to 14 h daylight per day to stimulate reproductive maturity. 
One breeder hen flock was fed a normal pre-lay diet (N) and a second flock was 
fed a similar diet replacing soybean meal and canola meal with flshmeal at 5.0% of 
the diet (H). Fishmeal was used to provide a source of (>h3 fatty acids. Both diets 
were formulated to contain 2900 kcal ME/kg and 16% crude protein (Table 1). 
Fatty acid composition of the diets is given in Table 2. At the onset of lay, 
approximately 3 weeks after lighting, eggs were collected from each flock (1w). 
Due to low egg production at the onset of lay, eggs were combined from first 
oviposition in the flock through 4 days of production. Egg storage and incubation 
are reported in a separate manuscript (Turner, 1995). Infertile eggs were also 
collected for yolk analysis. 
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At approximately 27 days + 9 h of incubation, all poults that had hatched 
and were dry in hatching trays were removed and placed in hatching boxes. 
These poults will be referred to as EARLY poults. Hatching trays were returned to 
hatchers for an additional 15 h to allow continued hatching of poults, after which 
time all hatched poults were removed (LATE). Removal of LATE hatching poults 
denotes 28 days of incubation, or 0 h posthatch (PH). One hundred EARLY poults 
and eighty LATE poults were saved for sampling. Dye was used to identify poults 
by treatment group. Poults were not subjected to hatchery processing. 
Eggs were collected from the same breeder hen flocks at 43 days of 
production (7w). Procedures for egg incubation, poult hatching, and processing 
were similar to those of 1w poults. 
Experiment 2 
A second experiment, conducted in the spring of 1994, was a replicate of 
Experiment 1, with the exception of the breed of turkey hen and dietary treatment. 
Two flocks of Nicholas hens were lit at approximately 31 wk of age. One breeder 
hen flock was fed a normal pre-lay diet (N) and a second flock was fed a similar 
diet in which soybean meal was replaced with fishmeal and flax oil (H, 5.0 and 1.25 
% of the diet, respectively). As a result, the second flock was fed a diet with a 
greater concentration of long-chain u-3 fatty acids. Diets were formulated to 
contain 2900 kcal ME/kg and 16% crude protein (Table 1). Fatty acid composition 
of the diets is given in Table 3. Egg collection, storage, incubation, poult hatching, 
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and processing were similar to the procedures used in Experiment 1 for both 1w 
and 7w poults. One hundred-twenty EARLY poults and one hundred LATE poults 
were retained for samping. 
Sampling 
In each experiment 10 poults from each treatment group were individually 
sampled at -15, 0, 24, 72, and g6h PH, relative to a 28-day incubation. An 
additional 48h sampling time was Included in the second experiment to provide a 
continuous data set. Poults were sampled at the Willmar hatchery at -15h (EARLY) 
and Oh (EARLY and LATE) PH. Those poults remaining for sampling after Oh were 
transported to the Animal Science Department, Iowa State Univerity, Ames, lA, and 
housed in electrically heated brooder batteries  ^ with raised wire floors. The poults 
were intermingled by diet and hatch time. All poults were allowed ad libitum 
access to feed and water at 24 h PH, the diet consisting of a normal starter poult 
(28.5% crude protein, 2850 kcal ME/kg diet, 6.65% lipid). 
For sampling, poults were killed by decapitation. An abdominal incision 
exposed the abdominal cavity for removal and weighing of the yolk sac and liver. 
The liver was placed in a storage container. After weighing, the yolk sac was 
punctured, it's contents placed in a storage container. The remaining sac was 
rinsed with distilled-deionized water, blotted, weighed, and placed in a storage 
container. For both yolk content and liver, two tissues in each treatment group 
 ^ Petersime, Gettysburg, OH 45328 
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were pooled, immediately frozen in liquid nitrogen, and stored at -20 C until 
analyzed. In addition, infertile eggs collected from each breeder hen flock upon 
initiation of oviposition and at 7 wk of lay were broken out. The wt of the yolk was 
also collected in Experiment 2. The yolk contents were collected and stored in a 
manner similar to that of other tissues for fatty acid analysis. 
Yolk sac contents, egg yolk contents, and livers were methylated for fatty 
acid analysis by two procedures; modification of the Lepage and Roy (1984) and 
Bligh and Dyer (1959) procedures for Experiment 1 and a modification of the 
Metcalfe and Schmitz procedure (1961) for Experiment 2 (Appendix 2). Samples in 
Experiment 2 were frozen and lyophilized prior to methylation. The dried material 
was ether extracted (AOAC, 1980, section 7.056) for quantitation of fatty acids. 
Methylated fatty acids, dissolved in hexane, were analyzed on a Tracor 540 Gas-
Liquid Chromatography equipped with an OmegaWax 250  ^glass capillary column 
(fused silica polyethylene glycol column, 0.25 mm interior diameter, 0.25 /im film 
thickness). Fatty acids were calibrated from a GLC-gi^  standard. 
All data were analyzed statistically by analysis of variance by the General 
Linear Model of SAS* (SAS Institute, 1985). Data were analyzed by main effect for 
wk of lay (1w vs 7w), hatch time (EARLY vs LATE), and diet (N vs H) within each 
 ^Tracor Instruments Austin, Inc., Austin, TX 78725. 
 ^Supeico, Inc., Bellefonte, PA 16823. 
* Nu Chek Prep, Inc., Elysian, MN 56028. 
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day for each experiment. Due to lack of significance of dietary treatments on any 
dependent variable measured in Experiment 1, dietary means were pooled and 
data were reanalyzed for main effects of wk of lay and hatch time and their 
interaction. Data are reported as treatment means with standard error by sampling 
day. 
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RESULTS 
The two experiments conducted were not replicates of one another, as 
originally planned. Because of constraints encountered by the collaborating 
hatchery, the strain of turkey used in each experiment was different (Hybrid versus 
Nicholas) and the dietary treatments were not the same in each experiment. 
Consequently It was impossible to combine data of the two experiments for 
statistical analysis. Thus, data of each experiment were analyzed separately by 
using poults within a sampling time to determine the effects of week of lay, time of 
poult hatch, and diet and their interactions. Growth and iivability data of poults are 
presented in a separate manuscript (Turner, 1995). 
Experiment 1 
Fatty acids of yolk sac contents and liver are reported as the percent fatty 
acid of the total fatty acids analyzed. 
Yolk sac contents 
Results of yolk analysis for myristic (C14:0), palmitic (C16;0) and palmitoleic 
(C18:1), oleic (C18:1), linolenic (C18:3,w-3), and docosahexaenoic acid (22:6,u-3) 
are presented in Tables 4 through 8. Due to a lack of consistent trends and 
statistical significance to provide meaningful relationships among the results, these 
data will not be discussed. In instances of several other fatty acids, however, 
treatment effects were observed. 
89 
Poutts from hens in their 1st wk of egg production retained a higher 
percentage (p<.001) of stearic acid in the yolk sac from oviposition of the egg 
through 96h PH compared with poults from hens in their 7th wk of production 
(Table 9), irrespective of poult hatch time. The percentage of linoleic acid (1B:2,(i)-
6) retained in the yolk of poults from hens in their 7th wk of egg production was 
higher (p<.001) from -15h through 72h PH than in poults from hens in their 1st wk 
of production (Table 10). Poults from hens in their 1st wk of egg production 
reta ined a  greater  percentage (p<.001)  o f  arach idonic  ac id  (20:4 , f rom 
incorporation in the egg through 96h PH than poults from hens in their 7th wk of 
production. No consistent differences were evident in yolk fatty acids due to hatch 
time of the poult. 
Liver 
Results of liver analysis for palmitic (C16:0), palmitoleic (C16:1), and 
arachidonic acid {C2D:A,(ih6) are presented in Tables 12-14. Due to a lack of 
consistent trends and statistical significance to provide meaningful relationships 
among the results, these data will not be discussed. In instances of several other 
fatty acids, however, treatment effects were observed. 
Poults from hens in their first wk of egg production exhibited a higher 
percentage (p<.001) of liver stearic acid (CI8:0) from -15h through 24h PH than 
poults from hens in their 7th wk of production (Table 15). However, by 96h PH, 
the percentage stearic acid (C18:0) was lower (p<.001) in poults from hens in their 
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7th wk of lay compared with poults from hens in their 1st wk of lay. The 
percentage of liver oleic acid (C18:1) was higher (p<.001) from -15h through 24h 
PH in poults from hens in their 7th wk of egg production compared with poults 
from hens in their 1st wk of production (Table 16). However, at 72 and 96h PH, 
liver oleic acid (C18:1) was lower (P<.001) in poults from hens in their 7th wk of 
lay compared with poults from hens In their 1st wk of production. Uver linoleic 
acid (C18:2,w-6) was higher (p<.001) from -15h through 24h PH in poults from 
hens in their 7th wk of egg production compared with poults from hens in their 1st 
wk of production (Table 17). No consistent differences were evident between 
hatch times of poults in liver fatty acids. 
Experiment 2 
Lipid and fatty acids of yolk sac content and liver are reported as g per ICQ 
g of tissue DM. 
Egg components 
Egg wt and yolk wt of sampled (infertile) eggs are given in Table 18. Eggs 
laid by hens in their 7th wk of egg production were heavier (p<.001) and contained 
heavier (p<.001) yolks than eggs produced from hens in their 1st wk of 
production. Diet of the breeder hen showed no affect on egg or yolk wt. 
Yolk sac contents 
Results of yolk analysis for myristic (C14;0), palmitoleic (C16:1), stearic 
(C18:0), arachidonic (C20:4,(<)-6), and docosahexaenoic acid (22:6,(i>-3) are 
presented in Tables 19 through 23. Due to a lack of consistent trends and 
statistical significance to provide meaningful relationships among the results, these 
data will not be discussed. In instances of several other fatty acids, however, 
treatment effects were observed. 
Yolk lipid concentration, irrespective of lipid class, is shown in Table 24. 
Poults from hens in their 7th wk of egg production retained a greater (p<.01) 
amount of lipid, relative to tissue DM, from -15h PH through 24h PH compared with 
poults from hens in their 1st wk of production. Retention of yolk palmitic acid 
(CI6:0) was higher (p<.002) from -15h through 24h PH in poults from hens in their 
7th wk of egg production compared with poults from hens in their 1st wk of 
production (Table 25). Poults from hens in their 7th wk of egg production retained 
a greater (p<.005) amount of oleic acid (C18:1), relative to yolk DM, from -15h 
through 24h PH than poults from hens in their 1st wk of production (Table 26). 
The retention of yolk linoleic acid (C18:2,w-6) was higher (p<.006) from -15h 
through 24h PH in poults from hens in their 7th wk of egg production compared 
with poults from hens in their 1st wk of production (Table 27). Poults from hens 
fed the diet high in <i>-3 fatty acid retained a higher (p<.01) amount of yolk linolenic 
acid (18:3,«-3), relative to tissue DM, from incorporation in the egg through 96h PH 
compared with poults from hens fed a normal u-3 fatty acid diet 0"able 28). No 
consistent differences in data from yolk analysis were evident by hatch time of poults. 
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Liver 
Results of liver analysis for palmitoleic (C16:1) and linoleic acid (C18:2, o^) 
are presented in Tables 29 and 30. Due to a lack of consistent trends and 
statistical significance to provide meaningful relationships among the results, these 
data will not t>e discussed. In instances of several other fatty acids, however, 
treatment effects were observed. 
Liver lipid concentration, irrespective of lipid class, is shown in Table 31. 
The liver in poults from hens in their 1st wk of egg production contained a higher 
(p<.02) amount of lipid, relative to tissue DM, from -15h through 96h PH compared 
with poults from hens in their 7th wk of production. Liver palmitic (CI 6:0) and 
stearic (C18:0) acid concentrations were higher (p<.001) at 0 and 24h PH in poults 
from hens in their 1st wk of egg production compared with poults from hens in 
their 7th wk of production (Tables 32 and 33, respectively). Poults from hens in 
their 1st wk of egg production contained a greater (p<.004) amount of liver oleic 
acid (C18:1), relative to tissue DM, at -15, 24, 72, and 96h PH than poults from 
hens in their 7th wk of production (Table 34). Liver linolenic acid (C18:3,w-3) was 
higher (p<.004) from -15h through 98h PH in poults from hens consuming the high 
w-3 fatty acid diet compared with poults from hens consuming the normal w-3 fatty 
acid diet (Table 35). Liver arachidonic acid (C20:4,w-6) was greater (p<.01), 
relative to tissue DM, from -15h through 72h PH in poults from hens in their 1st wk 
of lay compared with poults from hens in their 7th wk of production (Table 36). 
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Liver arachidonic acid (C20;4,a)-6) was also higher (p<.003) from -15h through 72h 
PH in poults from hens consuming the normal u-3 fatty acid diet compared with 
poults from hens consuming the high (i)-3 fatty acid diet. Interactions between diet 
and age of the breeder hen were not evident. Poults from hens consuming the 
high (ihS fatty acid diet contained a greater (p<.001) amount of liver 
docosahexaenoic acid (22:6,w-3), relative to tissue DM, from -15h through 96h PH 
than poults from hens consuming the normal (i)-3 fatty acid diet (Table 37). Liver 
analysis showed no consistent differences by hatch time of the poults. 
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DISCUSSION 
The livability and growth characteristics of poults as affected by the 
production age of the breeder hen, hatch time of poults, and u-3 fatty acid 
concentration of the breeder hen diet are presented in a separate manuscript 
(Turner, 1995). 
Results of both experiments indicated that the hatch time of the poult did not 
produce a significant impact on the lipid or fatty acid composition of the yolk and 
liver of the PH poult. 
The breeder hen diets in Experiment 1 showed no difference in fatty acid 
composition. Previous research has shown that the fatty acid composition of the 
hen's diet correlates with the fatty acid composition in the ovulated egg yoll< 
(Cruikshank, 1934). Therefore, the diet effect was not analyzed in Experiment 1. 
In Experiment 2, however, the addition of 1.25% flax oil to the high u-3 fatty acid 
breeder hen diet dramatically increased the linolenic acid (18:3,b)-3) content of the 
diet, egg yolk, and yolk sac contents and liver of the subsequent hatching poults. 
Feeding linolenic acid has previously been shown to incorporate in both egg yolks 
(Cruikshank, 1934) and the tissues of hatching chicks (Cherian and Sim, 1993). 
The high (j-3 fatty acid breeder hen diet increased liver docosahexaenoic acid 
{22:6,q-3) content and decreased arachidonic acid (20:6,(i>-6) concentration in the 
liver. 
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Linoleic (18;2,(i>-6) and linolenic acid (18;3,<i>-3) are known to compete for the 
same A6 desaturase enzyme for production of arachidonic and docosahexaenoic 
acid, respectively (Murray etai., 1988). The A6 desaturase enzyme will 
preferentially desaturate the a-3 fatty acids compared with (i)-6 fatty acids (Kinsella, 
1991). Feeding a diet high in (<>-3 fatty acids will increase the tissue concentration 
of (ihS fatty acids. This would, in turn, cause a higher level of competition for the 
A6 desaturase enzyme between the tissue oi-s and (i)-6 fatty acids. Feeding the 
high u-S fatty acid diet would increase the linolenic acid incorporation into tissues 
and production of docosahexaenoic acid (22;6,c<)-3), while at the same time 
decreasing the availability of the A6 desaturase enzyme for production of 
arachidonic acid (20:4,(ih6) from linoleic acid (18:3.(i>-6). The high (i)-3 fatty acid diet 
did modify the fatty acid composition in the liver of PH poults. Diet modification did 
not, however, impact the livability or growth characteristics of the PH poult (data 
presented in a separate manuscript, Turner, 1995). 
In both experiments, lipid and fatty acid concentrations of the yolk and liver 
were affected by the age of the breeder hen. In Experiment 1, the yolk and liver 
fatty acids were reported on a qualitative basis (% of total fatty acids), whereas in 
Experiment 2 fatty acids were reported as gram (g) per 100 g tissue dry matter 
(DM), or relative to tissue DM. Because each analysis provided a different 
perspective of fatty acid tissue concentration, they will be discussed separately. 
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The wt of the egg prior to Incubation is known to directly correlate with the 
wt of the subsequent hatchling (Halbersleben and Mussehl, 1922). In Experiment 
2, hens in their 7th wk of egg production laid larger eggs containing a heavier egg 
yolk than hens in their 1st wk of production. This is in agreement with earlier 
reports that egg wt and yolk wt increased with the age of the breeder hen (Smith 
and Bohren, 1975; Moran and Reinhart, 1979). 
Poults from younger breeder hens retained greater concentrations of certain 
fatty acids in the yolk sac than poults from older breeder hens. In Experiment 1, 
the percentage yolk stearic (18:0) and arachidonic acid (20:4, (<>-6) in yolks were 
higher in both the eggs and remaining yolk sacs in poults from hens in their 1st wk 
of egg production compared with those in their 7th wk of production. Similarly, the 
percentage stearic acid (18:0) was also higher in the liver of poults from hens in 
their 1st wk of egg production prior to feeding compared with those in their 7th wk 
of egg production. On the other hand, the percentage linoleic acid (18:2,«-6) 
remaining in the yolk contents at hatch was higher in poults from hens in their 7th 
wk of egg production compared with those in their 1st wk of production. Similarly, 
the percentage linoleic acid (18:2,(i)-6) in the liver was higher in poults from hens in 
their 7th wk of lay. It is known that fatty acids of the yolk are absorbed by non­
specific phagocytosis (Lambson, 1970). Thus, a fatty acid deposited in the egg 
yolk at a higher concentration should remain at a higher percentage in the 
remaining yolk contents, which may carryover to the hepatic lipid pool. 
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Prior to feeding, the PH poult relies heavily on lipid oxidation. Hepatic 
gluconeogenesis helps the poult maintain cellular energy and prevent 
hypoglycemia (Pearce, 1971). Following access to feed, the metabolic reliance of 
the poult on hepatic gluconeogenesis decreases with a concurrent increase in 
carbohydrate-based metabolism [eg., glycolysis, fatty acid synthesis] (Goodridge, 
1968). Prior to feeding, hepatic stearic acid (C18;0) was higher in poults from hens 
in their 1st wk of egg production compared with poults from hens in their 7th wk of 
production. However, after feeding (>24h PH) poults from hens in their 7th wk of 
egg production exhibited a higher percentage of hepatic stearic acid (CI 8:0) than 
poults from hens in their 1st wk of production. This increase in stearic acid 
postfeeding may reflect an increase in fatty acid production (via fatty acid 
synthetase) by the liver along with the increase in carbohydrate-based metabolism. 
Thus, following feeding, poults from hens in their 7th wk of egg production may be 
more metabolically mature, capable of fatty acid synthesis, compared with poults 
from hens in their 1st wk of production. 
Oleic acid in the liver exhibited a similar, and yet inverse, effect. Prior to 
feeding, liver oleic acid (18:1) concentration was higher in poults from hens in their 
7th wk of egg production compared with those in their 1st wk of production. 
Following feeding, the percentage oleic acid in the liver was lower in poults from 
hens in their 7th wk of production. A high percentage of oleic acid is deposited in 
the yolk by the hen and remains at a high percentage in the yolk sac contents and 
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liver of the hatchling (Noble and Ogunyemi, 1989). The poult's reliance on the lipid 
reserves of the yolk contents decreases after feeding, therefore decreasing the 
percentage oleic acid in the liver (Applegate, 1995). After feeding, the decline in 
the oleic acid concentration in the liver of poults from hens in their 7th wk of 
production reflected the normal decline in hepatic oleic acid observed by Applegate 
(1995). This provides evidence that poults from hens in their 7th wk of production 
are able to either oxidize or mobilize the oleic acid from the liver earlier than poults 
from hens in their 1st wk of production. Thus, the liver in poults from hens in their 
7th wk of production may be more metabolically mature following access to feed 
than the liver of poults from hens in their 1st wk of production. 
As stated previously, the developing embryo and PH poult rely heavily on 
the lipids contained in the yolk. In Experiment 2, poults from hens in their 1st wk 
of egg production retained a lower amount (g/100 g DM) of lipid in the yolk prior to 
feeding and a higher amount of lipid in the liver throughout the sampling period 
than poults from hens in their 7th wk of production. Thus, poults from hens in their 
1st wk of production were able to mobilize lipid from the yolk to the liver of the 
poult at a faster rate than poults from hens in their 7th wk of production. However, 
the higher amount of lipid remaining in the liver from hatch through 96h PH also 
indicates that poults from hens in their 1st wk of production were not able to utilize 
[eg., mobilize or oxidize] the lipid as efficiently as poults from hens in their 7th wk 
of production. The high amount (g/100 g tissue DM) of lipid in the liver and low 
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amount remaining in the yoll< of poults from hens in their 1st wk of production may 
further indicate that these poults were in a negative energy state and continued to 
mobilize yolk lipid reserves in an attempt to obtain energy. 
A relative increase in the lipid concentration (g/100g DM) of the yolk also 
indicated that the concentration of certain fatty acids must have increased. Poults 
from hens in their 1st wk of production retained a lower amount (g/100g DM) of 
palmitic (16:0), oleic (18:1), and linoleic acids (18:2,(>)-6) in the yolk contents than 
poults from hens in their 7th wk of production. The lower retention of these fatty 
acids corresponds with the reduced lipid content (g/IOOg DM) of the yolk in poults 
from hens in their 1st wk of production. A higher concentration of palmitic (18:0), 
stearic (18:0), oleic (18:1) and arachidonic acids (20:4,(i^ 6) were also present in the 
liver of poults from in their 1st wk of production, compared with those in their 7th 
wk of production. 
The higher concentration of tissue fatty acids is similar to the higher amount 
of lipid present in the liver of poults from hens in their 1st wk of lay. Palmitic, 
stearic, and oleic acids are known to be oxidized for energy or synthesized to other 
lipid products at a high rate in the hatchling (Miyamoto et a/., 1967). Palmitic, oleic, 
and linoleic acids were also present in high amounts in the yolk. Therefore, if a 
large amount of lipid has been mobilized it is not surprising that these fatty acids 
would be present in significantly lower amounts. However, the higher amounts of 
palmitic, stearic, and oleic acids remaining in the liver of poults of 1st wk of lay 
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hens indicate that the liver was not capable of oxidizing these fatty acids for energy 
as rapidly as did the liver of 7th wk poults, thus increasing the amount of lipid 
remaining in the liver of these 1st wk poults. 
Previous research has noted a relationship between fatty acid utilization and 
the livability of the hatchling. Noble et al. (1986) reported that the reduced livability 
often observed with chicks from young breeder hens (25 wk of age) was 
associated with a reduced transfer of the yolk contents into the embryo by 19 d of 
incubation, compared with chicks from older breeder hens (41 wk of age). They 
further reported that a higher proportion of the yolk lipid was not transferred to the 
lipid pool of the developing liver of embryos from young breeder hens. Daly and 
Peterson (1990), however, found that the percentage lipid in yolk DM associated 
with the remaining yolk sac contents was lower in newly-hatched chicks from 
younger breeder hens (27 wk of age) compared with the percentage lipid 
remaining in the yolk contents from older breeder hens (60 wk of age). 
Additionally, O'Sullivan ef al. (1991) reported that the percentage lipid of the yolk 
sac and liver from 18-d old chick embryos showed no consistent trend between 
young (29 wk of age) and old (35 wk of age) breeder hens. Finally, Moran and 
Reinhart (1980) reported that the residual yolk wt and associated lipid were not 
altered by the age of the breeder hen. Our results agree with those of Daly and 
Peterson (1990), in that poults from younger breeder hens retained a lower amount 
of lipid in the yolk sac PH. 
101 
The fertile turkey egg is a biologically self-sufficient model which allows a 
close correlation between the nutritive substrates and their physiological utilization 
(Bordini ef at., 1986). Thus, modifying the diet of the breeder hen can impact upon 
the subsequent hatchability, livability, and growth of the poult. The results of the 
current study determined that feeding a diet high in (>>-3 fatty acids increased their 
concentration in the yolk contents and liver of hatching poults. The increased 
incorporation of u-3 fatty acids did not, however, impact the livability or growth 
characteristics of PH poults. 
Lipid and fatty acid composition of the yolk and liver indicate that differences 
in yolk absorption and hepatic lipid oxidation existed between poults from young 
(1st wk) and old (7th wk) breeder hens. Oleic acid was present at a high 
percentage of the total fatty acids in the liver of the PH poult, indicative of the fatty 
acid connposition of the yolk contents from whence it was mobilized. Yet, following 
access to feed, poults from older breeder hens were able to oxidize or mobilize 
oleic acid in the liver at a faster rate, removing it from the liver, than were poults 
from younger breeder hens. The increase in the percentage stearic acid observed 
in the liver of fed poults hatching from older breeder hens indicates the capability of 
these poults to synthesize fatty acids. Poults from young breeder hens also 
showed a higher rate of yolk lipid resorption and reduced ability to oxidize or 
mobilize these fatty acids once they reached the hepatic lipid pool. Therefore, the 
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liver in poults from younger breeder hens may not be physiologically mature, 
compared with poults from older breeder hens. 
Differences in the rate of lipid and fatty acid absorption by the age of the 
breeder hen can be further clarified by the growth characteristics of poults (Turner, 
1995). Poults from hens in their 1st wk of production retained a lighter yolk 
membrane possibly reducing the efficiency of mobilization of the yolk and 
subsequent oxidation of yolk lipids as energy sources. Thus, these poults relied 
more upon catabolism of amino acids at a higher rate than did poults from hens in 
their 7th wk of production. Nutritional intervention may be a possible route to 
improve energy utilization in PH poults from young breeder hens, but the results of 
the current research show that modification of the fatty acid composition of the egg 
yolk was ineffective. 
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TABLE 1. Turkey breeder hen prelay diets  ^ for Experiments 1 and 2. 
Experiment 1 Experiment 2 
Ingredient Normal High Normal High 
- - (% of the diet) - • 
Corn (rolled) 34.07 29.42 30.90 29.54 
Corn (ground) 25.00 25.00 25.00 25.00 
Animal-vegetable fat 1.00 3.50 1.75 1.00 
Fishmeal (Peruvian) - 5.00 - 5.00 
Flax oil - - - 1.25 
Limestone 2.22 2.14 2.25 2.29 
Dicalcium phosphate (18.5% P) 2.27 1.82 2.26 1.77 
Canola meal (34% protein) 12.50 12.50 12.50 12.50 
Soybean meal (47% protein) 8.15 1.28 9.37 1.68 
Wheat flour 5.02 6.18 6.44 9.35 
Wheat middlings 7.64 11.02 7.35 7.50 
Vitamins .50 .50 .50 .50 
Minerals .46 .46 .46 .45 
Other 1.17 1.18 1.22 2.17 
Total 100 100 100 100 
Calculated analysis 
ME, kcal/kg diet 2900 2900 2900 2990 
Analyzed analysis 
Crude protein 15.77 15.90 15.21 15.17 
Dry matter 89.6 90.3 89.1 88.9 
Lipid 5.69 6.44 4.07 5.24 
Ash 6.34 6.69 6.66 7.24 
 ^ Diet is denoted as a prelay diet containing normal (Normal) or high 
concentrations of u-S polyunsaturated fatty acids (High) in each 
experiment. 
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TABLE 2. Fatty acids in turkey breeder hen prelay 
diets  ^ in Experiment 1 
Fatty add Nomnal High 
(% of total dietary fatty acids) 
Myristic .47 .91 
Palmitic 15.00 15.35 
Palmitoleic 1.07 1.39 
Stearic 4.77 4.49 
Oleic 29.70 28.06 
Linoleic 43.39 43.12 
a-Linolenic 3.28 3.15 
Other^  2.32 3.53 
Total 100 100 
 ^ Diet is denoted as a prelay diet containing normal 
(Normal) or high concentrations of (ihS 
polyunsaturated fatty acids (High). 
 ^ Primarily long-chain fatty acids (> CI 8). 
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TABLE 3. Fatty adds in turkey breeder hen prelay diets for Experiment 2 
Wk of Fatty Acids 
Lay' Diet^  14:0 16:0 16:1 18:0 18:1 18:2 18:3 
(% of total dietary fatty acids) 
1st Norm .41 14.67 .78 4.63 29.27 44.76 3.81 
High .65 12.48 .97 3.63 25.79 38.33 15.95 
4th Norm .79 15.15 1.01 4.44 29.67 44.01 3.67 
High 1.03 13.64 1.34 4.02 26.81 36.21 16.03 
7th Norm .57 17.90 1.11 5.55 34.49 37.35 3.01 
High 1.34 13.93 1.46 2.33 25.25 36.55 16.30 
Main effect means 
Wkof 1st .53 13.57 .88 4.13 27.52 41.54 9.88 
Lay 4th .90 14.40 1.18 4.23 28.24 40.10 9.85 
7th .96 15.91 1.28 3.94 29.87 36.95 9.65 
Diet Norm .59 15.90 .96 4.87 31.14 42.04 3.49 
High 1.00 13.35 1.26 3.32 25.95 37.03 16.09 
' First (1st), fourth (4th), and seventh (7th) wk of egg production. 
 ^ Diet is denoted as a prelay diet containing normal (Normal) or high 
concentrations of u-S polyunsaturated fatty acids (High) in each 
experiment. 
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TABLE 4. The effect of week of egg production (week of lay) and poult hatch 
time on the myristic acid (C14:0) content of yolk, Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay  ^ Tinne  ^ Egg -15 0 24 72 96 
- - - (% of methylated fatty acids) - - - -
1st Early 
Late 
.45 .42 
CM 
CM 
.39 
.40 
.30 
.32 
.25 
.31 
7th Early 
Late 
SEM® 
.40 
.008 
.33 
.019 
.38 
.37 
.012 
.36 
.43 
.013 
.29 
.36 
.030 
.30 
.33 
.027 
Main effect means 
Wkof 
Lay 
1st 
7th 
.45 
.40 
.42 
.33 
.42 
.38 
.39 
.39 
.31 
.33 
.28 
.31 
Hatch 
Time 
Early 
Late 
.43 .38 
CO
 
CO
 
o
 
.37 
.41 
.30 
.34 
.27 
.32 
Source of variation - Probabilities 
Lay .001 .005 .001 .94 .57 .22 
Hatch - - .60 .007 .16 .12 
Lay X Hatch . • .66 .03 .49 .51 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) 
or at 28 d (LATE) of incubation. 
® Standard Error of the Mean, n = 10 from egg through Oh PH, n=8 at 24 
and 72h PH. n=6 at 96h PH. 
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TABLE 5. The effect of week of egg production (week of lay) and poult hatch 
time on the palmitic (CI 6:0) and palmitoleic acid (CI 6:1) content of 
yolk\ Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of La/ Time® Egg -15 0 24 72 96 
(% of methylated fatty acids) - - - -
1st Early 
Late 
29.51 30.48 30.42 
31.20 
29.43 
30.28 
20.42 
23.22 
15.76 
20.94 
7th Early 
Late 
SEM* 
32.20 
.18 
31.84 
.48 
32.31 
33.15 
.29 
30.78 
33.17 
.54 
23.33 
26.71 
1.52 
22.94 
22.49 
1.52 
Main effect means 
Wk of 
Lay 
1st 
7th 
29.51 
32.20 
30.48 
31.84 
30.81 
32.73 
29.86 
31.97 
21.82 
25.02 
18.35 
22.71 
Hatch 
Time 
Early 
Late 
30.85 31.16 31.37 
32.18 
30.10 
31.73 
21.88 
24.96 
19.35 
21.71 
Source of variation • Pr/^ hsHilitiPQ 
Lay .001 .06 .001 .001 .05 .01 
Hatch - - .01 .006 .06 .14 
Lay X Hatch - - .93 .17 .85 .08 
 ^ Treatment means reported as the sum of palmitic and palmitoleic acids. 
 ^ First (1st) and seventh (7th) wk of egg production. 
® Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) 
or at 28 d (LATE) of incubation. 
 ^ Standard Error of the Mean, n=10 from egg through Oh PH, n=8 at 24 
and 72h PH, n=6 at 96h PH. 
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TABLE 6. The effect of week of egg production (week of lay) and poult hatch 
time on the oleic acid (C18:1) content of yolk, Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay  ^ Time  ^ Egg -15 0 24 72 96 
- - - - - (% of methylated fatty acids) - • • - -
1st Early 
Late 
33.37 37.70 37.84 
37.88 
39.44 
38.63 
50.63 
47.54 
55.39 
48.91 
7th Early 
Late 
SEM® 
34.42 
.26 
38.11 
.37 
37.22 
37.30 
.43 
39.32 
37.79 
.55 
46.00 
45.59 
1.95 
47.84 
47.66 
1.59 
Main effect means 
Wkcf 
Lay 
1st 
7th 
33.37 
34.42 
37.70 
38.11 
37.85 
37.26 
39.04 
38.55 
49.08 
45.79 
52.15 
47.75 
Hatch 
Time 
Early 
Late 
33.89 37.90 37.53 
37.58 
39.38 
38.21 
48.31 
46.56 
51.62 
48.28 
Source of variation •• ^UOUIIIIIOO 
Lay .008 .44 .18 .39 .11 .01 
Hatch - - .90 .04 .39 .05 
Lay X Hatch - - .93 .53 .50 .07 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) 
or at 28 d (LATE) of incubation. 
 ^ Standard Error of the Mean, n = 10 from egg through Oh PH, n=8 at 24 
and 72h PH, n=6 at 96h PH. 
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TABLE 7. The effect of week of egg production (week of lay) and poult hatch 
time on the linolenic acid (C18:3) content of yolk, Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay' Time® Egg -15 0 24 72 96 
- - - (% of methylated fatty acids) - - - -
1st Early .61 .52 .47 .45 .34 .31 
Late - - .50 .43 .30 .28 
7th Early .53 .30 .28 .25 .24 .15 
Late - - .26 ND* .19 ND 
SEM® .014 .015 .024 .020 .032 .016 
Main effect means 
Wkof 1st .61 .52 .49 .44 .32 .30 
Lay 7th .53 .30 .27 .25 .21 .15 
Hatch Early .57 .41 .38 .45 .29 .23 
Time Late - - .38 .34 .24 .28 
Source of variation ™ Probabilities 
Lay .001 .001 .001 .001 .01 .001 
Hatch - - .84 .47 .24 .07 
Lay X Hatch - - .38 - .85 -
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) 
or at 28 d (LATE) of incubation. 
® Standard Error of the Mean, n=10 from egg through Oh PH, n=8 at 24 
and 72h PH, n=6 at 96h PH. 
 ^ Fatty acid not detected. 
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TABLE 8. The effect of week of egg production (week of lay) and poult hatch 
time on the docosahexaenoic acid (C22:8) content of yolk, 
Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay' Time  ^ Egg -15 0 24 72 96 
(% of methylated fatty acids) - - - -
1st Early 
Late 
.95 .47 .46 
.40 
.57 
.43 
.60 
.46 
.42 
.44 
7th Early 
Late 
SEM® 
1.24 
.11 
.24 
.15 
ND* 
.28 
.083 
ND 
ND 
.077 
.63 
.49 
.124 
.61 
.74 
.18 
Main effect means 
Wkof 
Lay 
1st 
7th 
.95 
1.24 
.47 
.24 
.43 
.28 
.50 .53 
.56 
.43 
.67 
Hatch 
Time 
Early 
Late 
1.09 .35 .46 
.34 
.57 
.43 
.61 
.48 
.51 
.59 
Source of variation • ••• r ruuduiiiiico — —— 
Lay .06 .37 .39 - .83 .23 
Hatch - - .51 .25 .31 .69 
Lay X Hatch - - .98 .79 
First (1st) and seventh (7th) wk of egg production. 
Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) 
or at 28 d (LATE) of incubation. 
Standard Error of the Mean, n=10 from egg through Oh PH, n=8 at 24 
and 72h PH, n=6 at 96h PH. 
Fatty acid not detected. 
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TABLE 9. The effect of week of egg production (week of lay) and poult hatch 
time on the stearic acid (C18:0) content of yolk, Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay' Time  ^ Egg -15 0 24 72 96 
(% of methylated fatty acids) 
1st Early 9.68 9.47 9.47 9.36 6.79 5.71 
Late - - 9.37 9.72 7.45 6.07 
7th Early 8.82 6.26 5.86 5.79 5.28 5.17 
Late - - 5.95 5.77 5.10 4.86 
SEM® .13 .14 .13 .14 .27 .19 
Main effect means 
Wk of 1st 9.68 9.47 9.42 9.54 7.12 5.89 
Lay 7th 8.82 6.26 5.91 5.78 5.19 5.02 
Hatch Early 9.25 7.86 7.66 7.57 6.03 5.44 
Time Late - - 7.66 7.74 6.27 5.47 
Source of variation Probabilities 
Lay .001 .001 .001 .001 .001 .001 
Hatch - - .97 .24 .39 .87 
Lay X Hatch - - .45 .21 .14 .10 
' First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) 
or at 28 d (LATE) of incubation. 
® Standard Error of the Mean, n=10 from egg through Oh PH, n=8 at 24 
and 72h PH, n=6 at 96h PH. 
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TABLE 10. The effect of week of egg production (week of lay) and poult hatch 
time on the linoleic acid (CI 8:2) content of yolk, Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay  ^ Time  ^ Egg -15 0 24 72 96 
(% of methylated fcitty acids) - - - -
1st Early 
Late 
19.94 18.94 19.19 
18.75 
18.75 
18.69 
18.67 
19.29 
20.57 
21.26 
7th Early 
Late 
SEM® 
19.29 
.28 
22.26 
.38 
23.63 
22.25 
.40 
23.45 
22.09 
.40 
23.11 
20.29 
.57 
21.77 
21.33 
.47 
Main effect means 
Wkof 
Lay 
1st 
7th 
19.94 
19.29 
18.94 
22.26 
18.97 
22.94 
18.72 
22.77 
18.98 
21.70 
20.92 
21.55 
Hatch 
Time 
Early 
Late 
19.61 20.60 21.41 
20.50 
21.10 
20.39 
20.89 
19.79 
21.17 
21.30 
Source of variation 1 1 UUOUIIiUOd 
Lay .11 .001 .001 .001 .001 .20 
Hatch - - .03 .09 .07 .79 
Lay X Hatch - - .26 .12 .007 .25 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) 
or at 28 d (LATE) of incubation. 
® Standard Error of the Mean, n=10 from egg through Oh PH, n=8 at 24 
and 72h PH. n=6 at 96h PH. 
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TABLE 11. The effect of week of egg production (week of lay) and poult hatch 
time on the arachidonic acid (C20:4) content of yolk, Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of l.3y  ^ Time  ^ Egg -15 0 24 72  ^
(% of methylated fatty acids) 
1st Early 2.19 1.38 1.37 1.44 1.44 1.67 
Late - - 1.25 1.45 1.51 1.32 
7th Early 
Late 
SEM® 
1.43 
.06 
.79 
.08 
.68 
.90 
.06 
.63 
.52 
.08 
.95 
.85 
.09 
.97 
.84 
.11 
Main effect means 
Wkof 
Lay 
1st 
7th 
2.19 
1.43 
1.38 
.79 
1.31 
.79 
1.44 
.57 
1.48 
.90 
1.50 
.91 
Hatch 
Time 
Early 
Late 
1.81 1.09 1.02 
1.07 
1.03 
.98 
1.19 
1.18 
1.32 
1.08 
Source of variation • 
Lay .001 .001 .001 .001 .001 .001 
Hatch - - .41 .57 .92 .04 
Lay X Hatch - - .01 .48 .38 .32 
 ^ First (1st) and seventh (7th) wk of egg production, 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) 
or at 28 d (LATE) of incubation. 
® Standard Error of the Mean, n=10 from egg through Oh PH, n=8 at 24 
and 72h PH, n=6 at 96h PH. 
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TABLE 12. The effect of week of egg production (week of lay] and 
poult hatch time on the palmitic acid (C16:0) content of 
liver, Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay' Time' oo 
- - - (% of methylated fatty acids) - -
1st Early 6.70 6.50 5.84 12.07 16.77 
Late - 7.39 6.53 8.85 15.81 
7th Early 7.60 7.08 6.47 12.41 16.49 
Late - 8.29 6.72 10.70 13.95 
SEM  ^ .17 .22 .19 1.24 1.41 
Main effect means 
Wkof 
Lay 
1st 
7th 
6.70 
7.60 
6.95 
7.68 
6.18 
6.59 
10.46 
11.55 
16.29 
15.22 
Hatch 
Time 
Early 
Late 
7.15 6.79 
7.84 
6.15 
6.62 
12.24 
9.77 
16.63 
14.88 
Source of variation • 
Lay .001 .002 .04 .39 .46 
Hatch - .001 .02 .06 .23 
Lay X Hatch - .48 .27 .55 .58 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 
28 d (EARLY) or at 28 d (LATE) of incubation, 
 ^ Standard Error of the Mean, n = 10 in 1st and 7th poults from 
-15h through 72h PH and in 7th poults at 96h, n=8 in 
1st poults at 96h PH. 
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TABLE 13. The effect of week of egg production (week of lay) and 
poult hatch time on the palmitoleic acid (CI 6:1) content of 
liver, Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay' Tims  ^
-16 0 24 72 96 
- - - {% of methylated fatty acids) - -
1st Early 1.40 1.38 1.32 1.76 3.60 
Late - 1.45 1.41 1.42 3.07 
7th Early 1.47 1.44 1.52 1.75 2.32 
Late - 1.59 1.43 1.81 1.55 
SEM® .05 .06 .06 .33 .68 
Main effect means 
Wkof 1st 1.40 1.42 1.37 1.59 3.33 
Lay 7th 1.47 1.52 1.47 1.78 1.93 
Hatch Early 1.44 1.41 1.42 1.76 2.96 
Time Late - 1.52 1.42 1.62 2.31 
Source of variation — Probabilities - — 
Lay .33 .11 .08 .58 .05 
Hatch - .10 .97 .68 .35 
Lay X Hatch - .51 .15 .56 .86 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 
28 d (EARLY) or at 28 d (LATE) of incubation. 
 ^ Standard Error of the Mean, n=10 in 1st and 7th poults from 
-15h through 72h PH and in 7th poults at 96h, n=8 in 
1st poults at 96h PH. 
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TABLE 14. The effect of week of egg production (week of lay) and 
poult hatch time on the arachidonic acid (C20:4) content of 
liver, Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay  ^ Time  ^
-15 0 24 72 96 
- - - {% of methylated fatty acids) - -
1st Early 4.36 4.67 4.76 3.84 3.25 
Ute - 4.56 5.18 4.67 3.64 
7th Early 3.98 4.07 4.10 3.79 4.01 
Late - 3.88 3.82 3.62 3.92 
SEM® .20 .21 .17 .27 .42 
Main effect means 
Wk of 1st 4.36 4.62 4.97 4.25 3.44 
Lay 7th 3.98 3.97 3.96 3.71 3.97 
Hatch Early 4.17 4.37 4.43 3.82 3.63 
Time Late - 4.22 4.50 4.14 3.78 
Source of variation Probabilities 
Lay .21 .005 .001 .05 .23 
Hatch - .50 .69 .24 .73 
Lay X Hatch - .84 .05 .07 .59 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 
28 d (EARLY) or at 28 d (LATE) of incubation. 
® Standard Error of the Mean, n=10 in 1st and 7th poults from 
-15h through 72h PH and in 7th poults at 96h, n=8 in 
1st poults at 96h PH. 
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TABLE 15. The effect of week of egg production (week of lay) and 
poult hatch time on the stearic acid (C18:0) content of liver, 
Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay  ^ Time  ^
-15 0 24 72 96 
- - - (% of methylated fatty acids) - -
1st Early 8.05 8.30 7.15 6.84 6.37 
Late - 8.26 7.86 6.81 6.67 
7th Early 6.18 6.03 4.77 6.80 9.71 
Late - 6.11 4.99 8.04 9.47 
SEM® .13 .16 .17 .37 .44 
Main effect means 
Wk of 1st 8.05 8.28 7.50 6.82 6.52 
Lay 7th 6.18 6.07 4.88 7.42 9.59 
Hatch Early 7.12 7.17 5.96 6.82 8.04 
Time Late - 7.19 6.43 7.42 8.07 
Source of variation Probabilities • 
Lay .001 .001 .001 .12 .001 
Hatch - .92 .01 .12 .95 
Lay X Hatch - .71 .16 .10 .55 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 
28 d (EARLY) or at 28 d (LATE) of incubation. 
® Standard Error of the Mean, n=10 in 1st and 7th poults from 
-15h through 72h PH and in 7th poults at 96h, n=8 in 
1st poults at 96h PH. 
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TABLE 16. 
Week 
The effect of week of egg production (week of lay) and 
poult hatch time on the oleic acid (CI 8:1) content of liver, 
Experiment 1 
Hatch Hours relative to 28 days incubation 
of Lay Time' " 
-15 0 24 72 96 
- - - (% of methylated fatty adds) - -
1st Early 52.22 52.71 57.20 59.41 52.92 
Late - 52.34 59.84 61.07 53.65 
7th Early 60.32 62.19 63.49 51.76 41.93 
Late - 61.40 61.76 48.42 43.71 
SEM' .42 .59 .95 1.39 1.75 
Main effect means 
Wkof 1st 52.22 52.53 58.52 60.24 53.29 
Lay 7th 60.32 61.80 62.62 50.09 42.82 
Hatch Early 56.27 57.45 60.35 55.59 47.42 
Time Late - 56.87 60.80 54.74 48.68 
Source of variation Probabilities — 
Lay .001 .001 .001 .001 .001 
Hatch - .34 .64 .55 .48 
Lay X Hatch - .72 .03 .08 .77 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 
28 d (EARLY) or at 28 d (LATE) of incubation. 
 ^ Standard Error of the Mean, n=10 in 1st and 7th poults from 
-15h through 72h PH and in 7th poults at 96h, n=8 in 
1st poults at 96h PH. 
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TABLE 17. The effect of week of egg production (week of lay) and 
poutt hatch time on the linoleic acid (CI8:2) content of liver, 
Experiment 1 
Week Hatch Hours relative to 28 days incubation 
of Lay  ^ Time  ^
-15 0 24 72 96 
- - - (% of methylated fatty acids) - -
1st Early 
Late 
14.02 13.73 
14.40 
12.95 
13.92 
14.45 
14.79 
16.28 
16.70 
7th Early 
Late 
SEM® 
16.68 
.26 
17.90 
17.64 
.29 
17.16 
17.16 
.38 
16.08 
13.20 
.71 
15.53 
15.44 
.69 
Main effect means 
Wk of 
Lay 
1st 
7th 
14.02 
16.68 
14.07 
17.77 
13.44 
17.16 
14.62 
14.64 
16.49 
15.49 
Hatch 
Time 
Early 
Late 
15.35 15.81 
16.02 
15.06 
15.54 
15.26 
14.00 
15.91 
16.07 
Source of variation 
Lay .001 .001 .001 .98 .16 
Hatch - .49 .22 .09 .82 
Lay X Hatch - .12 .22 .03 .71 
' First (1st) and seventh (7th) wk of egg production. 
 ^ Removal time of poults from the incubators, -15 h prior to 
28 d (EARLY) or at 28 d (LATE) of incubation. 
® Standard Error of the Mean, n=10 in 1st and 7th poults from 
-15h through 72h PH and in 7th poults at 96h, n=8 in 
1st poults at 96h PH. 
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TABLE 18. The effect of week of egg production (week of 
lay), and dietary u-S polyunsaturated fatty 
acids on egg wt and yolk wt, Experiment 2 
Week 
of Lay' Diet^  Egg wt Yolk wt 
(g) . - - -
1st Norm 74.4 20.5 
High 79.7 21.8 
7th Norm 92.8 29.1 
High 93.9 27.0 
SEM® 2.65 .78 
Main effect means 
Wkof 1st 77.1 21.2 
Lay 7th 93.4 28.1 
Diet Norm 83.6 24.8 
High 86.8 24.4 
Source of variation — Probabilities 
Lay .001 .001 
Diet .23 .66 
Lay X Diet .43 .04 
' First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels of ci)-3 fatty 
acids (High).. 
® Standard Error of the Mean, n=5. 
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TABLE 19. The effect of week of egg production (week of lay), poult hatch time, 
and dietary (i>-3 polyunsaturated fatty acids on the myristic acid 
(C14;0) content of yolk, Experiment 2 
Wk Hatch Hours relative to 28 days incubation 
Lay  ^ Diet^  Time® 
(g/100 g DM) 
1st Nomi Early .25 .07 .07 .04 .10 .11 
Late - - .07 .05 .11 .10 
1st High Early .23 .08 .06 .04 .12 .16 
Late - - .06 .04 .10 .14 
7th Norm Early .24 .11 .07 .07 .14 .14 
Late - - .09 .12 .14 .10 
7th High Early .25 .11 .08 .10 .08 .14 
Late - - .12 .10 .09 .15 
SEM* .008 .011 .011 .015 .036 .029 
Main effect means 
WkofUy 1st .24 .07 .07 .04 .11 .13 
7th .24 .11 .09 .10 .11 .13 
Diet Norm .25 .09 .08 .07 .12 .11 
High .24 .09 .08 .07 .10 .15 
Hatch Time Early .24 .09 .07 .06 .11 .14 
Late - - .08 .08 .11 .12 
••1...PrnKoKllitioQ 1 1UI1.MSIUIIIU09 """• 
Lay .58 .004 .003 .001 .90 .84 
Diet .25 .79 .55 .94 .36 .12 
Hatch - - .12 .11 .98 .53 
 ^ First (1st) and seventh (7th) wl< of egg production. 
 ^ Diet contains nornial (Nonn) or high levels of u-3 fatty acids (High). 
 ^ Renioval time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
* Standard Error of the Mean, n=5 from egg through Oh PH, n=4 at 24h PH, n=2 
at 72 and 96h PH. 
 ^ Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
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TABLE 20. The effect of week of egg production (week of lay), pouK hatch time, 
and dietatv uhS polyunsaturated fatty adds on the palnnitoieic acid 
(CI 6:1) content of yolk, Experiment 2 
m Hatch Hours relative to 28 days incubation 
Lay  ^ Dlet^  Time® " 
Egg -15 0 24 72 96 
- - (g/100 g DM) - - -
1st Norm Early 2.12 .59 .72 .35 .79 .87 
Late - - .67 .48 1.01 .80 
1st High Earty 1.88 .68 .64 .30 1.16 1.29 
Late 
- -
.58 .33 .80 .92 
7th Norm Eariy 1.93 .84 .55 .53 .62 .91 
Late • - .74 .64 .93 .55 
7th High Early 1.70 .83 .65 .80 .50 1.15 
Late - - 1.00 .79 .61 1.07 
SEM* .18 .08 .10 .12 .27 .26 
Main effect means 
Wk of Lay 1st 2.00 .64 .66 .36 .94 .97 
7th 1.81 .83 .74 .69 .67 .92 
Diet Norm 2.02 .72 .67 .50 .84 .78 
High 1.79 .76 .72 .56 .77 1.11 
Hatch Time Early 1.91 .74 .64 .49 .77 1.06 
Late - - .75 .56 .84 .M 
Lay .33 .03 .30 .001 .20 .79 
Diet .21 .64 .55 .52 .73 .11 
Hatch 
-
-
.16 .43 .73 .26 
 ^ First (1st) and seventh (7th) yak of egg production. 
 ^ Diet contains normal (Norm) or high levels of u-3 fatty acids (High). 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of Incubation. 
* Standard Error of tfie Mean, n=5 from egg through Oh PH, n=4 at 24h PH, n=2 
at 72 and 96h PH. 
 ^ Two-way and three-way interacttons showed no consistent trends that were 
statistically significant. 
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TABLE 21. The effect of week of egg production (week of lay), poult hatch time, 
and dietary u-3 polyunsaturated fatty acids on the stearic acid (CI 8:0) 
content of yolk, Experiment 2 
Wk Hatch Hours relative to 28 days incubation 
Lay  ^ Diet^  Time® 
Egg -15 0 24 72 96 
• - - (g/100 g DM) - - • 
1st Norm Early 5.97 1.97 2.27 1.26 2.87 4.00 
Late - - 1.84 1.53 3.19 2.98 
1st High Early 6.41 2.11 1.73 .98 3.99 4.63 
Late - - 1.74 1.17 2.85 3.47 
7th Norm Early 5.99 2.51 1.65 1.57 2.55 3.23 
Late - - 2.14 1.90 3.09 2.23 
7th High Early 5.67 2.37 1.88 2.20 2.21 3.48 
Late - - 2.56 2.00 2.26 4.20 
SEM  ^ .22 .29 .28 .32 1.02 .62 
Main effect means 
Wk of Lay 1st 6.19 2.04 1.89 1.23 3.23 3.77 
7th 5.83 2.44 2.06 1.92 2.53 3.28 
Diet Norm 5.98 2.24 1.98 1.56 2.92 3.11 
High 6.04 2.24 1.98 1.59 2.82 3.94 
Hatch Time Early 6.01 2.24 1.88 1.50 2.90 2.83 
Late -
-
2.07 1.65 2.85 3.22 
Source of variation® Probabilities — 
Lay .12 .19 .41 .007 .36 .30 
Diet .79 .99 .99 .92 .89 .09 
Hatch 
-
-
.35 .54 .94 .20 
 ^ First (1st) and seventh (7th) wl< of egg production. 
 ^ Diet contains nonnal (Norm) or high levels of u-3 fatty acids (High). 
 ^ Removal time of poults from the incutiators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
* Standard En'or of the Mean, n=5 from egg through Oh PH, n=4 at 24h PH, n=2 
at 72 and 96h PH. 
 ^ Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
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TABLE 22. The effect of week of egg production (week of lay), poult hatch time, 
and dietary ii>-3 polyunsaturated fatty acids on the arachidonic acid 
(C20:4) content of yolk. Experiment 2 
Wk Hatch Hours relative to 28 days Incubation 
Lay' Diet^  Time® 
(g/100 g DM) 
1st Norm Early 1.56 .42 .53 .28 .68 1.10 
Late - - .39 .32 .88 .80 
1st High Early 1.22 .34 .29 .13 .76 .96 
Late - - .30 .17 .54 .78 
7th Norm Early 1.10 .28 .23 .21 .36 .51 
Late - - .30 .27 .47 .34 
7th High Early .98 .22 .17 .24 .28 .55 
Late - - .29 .22 .31 .86 
SEM  ^ .08 .06 .07 .053 .22 .16 
Main effect means 
Wk of Lay 1st 1.39 .38 .38 .23 .71 .91 
7th 1.04 .25 .25 .23 .36 .56 
Diet Norm 1.33 .35 .36 .27 .60 .69 
High 1.10 .28 .26 .19 .47 .79 
Hatch Time Early 1.21 .32 .31 .21 .52 .78 
Late - - .32 .24 .55 .69 
Source of variation® Probabilities 
Lay .001 .04 .01 .86 .04 .01 
Diet .008 .25 .05 .05 .44 .42 
Hatch - - .80 .46 .84 .48 
' First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels of u-3 fatty acids (High). 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
* Standard Error of the Mean, n=5 from egg through Oh PH, n=4 at 24h PH, n=2 
at 72 and 96h PH. 
 ^ Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
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TABLE 23. The effect of week of egg production (week of lay), poult hatch time, 
and dietary a-3 polyunsaturated fatty acids on the docosahexaenoic 
add (C22:6) content of yolk, Experiment 2 
Wk Hatch Hours relative to 28 days incubation 
Lay  ^ Diet^  Time  ^ • 
Egg -15 0 24 72 96 
- - - (g/100 g DM) - -
1st Norm Early .36 ND® ND .07 ND .24 
Late - - .05 .05 ND .09 
1st High Early 1.05 .05 .07 .05 .46 .41 
Late 
-
- .09 .11 .25 .42 
7th Norm Early .46 ND .04 ND ND .14 
Late - - ND ND ND ND 
7th High Early .68 ND ND .08 .38 .45 
Late 
- - .10 .10 .22 .62 
SEM  ^ .04 .02 .036 .062 .13 .11 
Main effect means 
Wk of Lay 1st .70 .05 .08 .07 .36 .34 
7th .57 - .08 .09 .30 .42 
Diet Norm .41 _ .04 .06 • .38 
High .86 .05 .09 .08 .33 .44 
Hatch Time Early .64 .05 .06 .07 .42 .36 
Late - - .09 .09 .23 .39 
l^ y .008 - .93 .86 .72 .65 
Diet .001 - .43 .79 - .02 
Hatch 
- -
.61 .82 .31 .92 
 ^ Rrst (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels of u-3 fatty acids (High). 
 ^ Removal time of poults from the incubiators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
 ^ Standard Error of the Mean, n=5 from egg through Oh PH, n=4 at 24h PH, n=2 
at 72 and 96h PH. 
 ^ Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
® Fatty acid not detected. 
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TABLE 24. The effect of week of egg production (week of lay), poult hatch time, 
and dietary ohS polyunsaturated fatty acids on lipid content of yolk, 
Experiment 2 aaBK^^B^^BBmBBaBaDaBBXBSBSSS:^ BSSSaSSSBSa^^B=^BSaBBBSBaSSSSBSBSSSBSBBSSSBS=SSSaBSSSBBBBS:iS=8SSSS 
Wk 
Lay' Dlet^  
Hatch Hours relative to 28 days incubation 
Tinre® " 
Egg -15 0 24 72 96 
- - (g/lOOgDM) - - -
1st Norm Early 57.24 16.98 19.34 12.42 27.75 41.70 
Late - - 16.10 14.47 37.15 32.30 
1st High Early 57.48 18.58 15.22 9.85 45.40 47.60 
Late - - 15.60 11.10 29.90 37.26 
7th Norm Early 57.66 26.14 17.22 16.24 26.23 35.30 
Late - - 21.76 19.65 32.46 25.30 
7th High Early 56.76 25.16 19.52 23.62 22.50 41.20 
Late - - 27.80 21.94 23.16 46.20 
SEM* .33 2.62 2.51 3.35 10.93 6.62 
Main effect means 
Wk of Lay 1st 57.36 17.78 16.56 11.96 35.05 39.71 
7th 57.21 25.65 21.57 20.36 26.09 37.00 
Diet Norm 57.45 21.56 18.60 15.70 30.90 33.65 
High 57.12 21.87 19.53 16.63 30.24 43.06 
Hatch Time Early 57.28 21.71 17.82 15.53 30.47 41.45 
Late - - 20.31 16.79 30.67 35.26 
Lay .66 .008 .008 .002 .28 .58 
Diet .34 .91 .60 .70 .93 .07 
Hatch 
- - .17 .60 .98 .22 
' First (1st) atxJ seventh (7th) wk of egg production. 
 ^ Diet corttains normal (Nomn) or high levels of u-3 fatty acids (IHigh). 
 ^ Removal time of poults from the Incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of Incubation. 
* Standard Error of the Mean, n=5 from egg through Oh PH, n=4 at 24h PH, n=2 
at 72 and 96h PH. 
 ^ Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
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TABLE 25. The effect of week of egg production (week of lay), poult hatch time, 
and dietary (i>-3 polyunsaturated fatty acids on the palmitic acid 
(C16:0) content of yolk, Experiment 2 assaBS=s^saaassstiSBHBSssB=aesBSBSssBaEB=sssssaas3&asss&sss^BSssSBSSBSsssssBsssBssass==ssss 
Wk 
Uy  ^ Diet^  
Hatch Hours relative to 28 days incubation 
Time® 
Egg -15 0 24 72 96 
• - - (g/100 g DM) - - -
1st Norm Early 15.25 4.44 5.24 3.08 6.38 6.75 
Late - - 4.37 3.64 6.81 6.26 
1st High Early 15.24 4.81 4.18 2.52 7.68 9.37 
Late - - 4.18 2.73 6.10 6.14 
7th Norm Early 16.51 7.49 4.93 4.54 6.24 7.57 
Late - - 6.31 5.49 8.28 4.88 
7th High Early 15.65 7.16 5.50 6.60 5.36 8.49 
Late - - 7.84 6.12 5.74 9.27 
SEM* .18 .70 .69 .90 2.27 1.42 
Main effect means 
Wk of Lay 1st 15.24 4.62 4.49 2.99 6.74 7.13 
7th 16.07 7.32 6.15 5.69 6.41 7.55 
Diet Norm 15.88 5.96 5.21 4.19 6.93 6.36 
High 15.44 5.98 5.43 4.49 6.22 8.32 
Hatch Time Early 15.66 5.97 4.96 4.19 6.42 8.04 
Late - - 5.68 4.50 6.73 6.64 
Lay .001 .001 .002 .001 .84 .69 
Diet .02 .97 .66 .64 .67 .08 
Hatch 
- - .15 .64 .85 .20 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Nonrt) or high levels of w-3 fatty acids (High). 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
 ^ Standard En-or of the Mean. n=5 from egg through Oil PH. n=4 at 24h PH. n=2 
at 72 arxJ 96h PH. 
 ^ Two-way and three-way Interactions showed no consistent trends that were 
statistically significant. 
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TABLE 26. The effect of week of egg production (week of lay), poult hatch time, 
and dietary ci)-3 polyunsaturated fatty acids on the oleic acid (C18:1) 
content of yolk. Experiment 2 
Wk 
Lay' Diet^  
Hatch 
Tlme  ^
Hours relative to 28 days Incubation 
Egg -15 0 24 72 96 
• - (g/100 g DM) - - -
1st Norm Earty 20.41 5.89 6.62 4.98 11.22 19.96 
Late - - 5.55 5.64 17.92 14.62 
1st High Early 19.76 6.71 5.39 3.90 22.38 21.14 
Late 
- -
5.47 4.35 13.51 18.40 
7th Norm Early 20.03 9.69 6.36 6.13 11.21 15.51 
Late - - 7.87 7.35 12.99 12.62 
7th High Early 20.35 9.00 7.14 8.40 9.35 18.53 
Late 
- - 9.82 7.70 9.08 20.76 
SEM* .45 .93 .89 1.22 5.04 3.20 
Main effect means 
Wkof Lay 1st 20.09 630 5.76 4.72 16.26 18.53 
7th 20.19 9.35 7.80 7.40 10.66 16.85 
Diet Norm 20.22 7.79 6.60 6.03 13.34 15.68 
High 20.06 7.86 6.95 6.09 13.58 19.71 
Hatch Time Early 20.14 7.83 6.38 5.85 13.54 18.79 
Late -
-
7.18 6.26 13.38 16.60 
Probabilities -
Lay .82 .005 .003 .005 .15 .48 
Diet .72 .94 .58 .94 .95 .11 
Hatch 
- - .21 .64 .96 .36 
' First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels of u-3 fatty ackis (High). 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incutiation. 
 ^ Standard Error of the Mean, n=5 from egg through Oh PH, n=4 at 24h PH, n=2 
at 72 and 96h PH. 
 ^ Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
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TABLE 27. The effect of week of egg production (week of lay), poult hatch time, 
and dietary bhS polyunsaturated fatty acids on the linoleic acid (C18:2) 
content of yolk, Experiment 2 
Wk 
Lay  ^ Diet^  
IHatch Hours relative to 28 days incubation 
Time® 
Egg -15 0 24 72 96 
- - (g/100 g DM) - - -
1st Norm Early 10.14 3.17 3.69 2.30 5.06 7.63 
Late - - 3.05 2.61 6.67 6.27 
1st High Early 9.94 3.34 2.62 1.80 7.37 8.35 
Late - - 2.88 2.10 5.12 6.19 
7th Norm Early 10.09 4.94 3.27 2.98 4.85 6.28 
l^ te - - 4.05 3.72 6.01 4.41 
7th High Early 10.54 4.84 3.62 4.60 4.12 7.31 
Late - - 5.28 4.28 4.41 8.06 
SEM* .45 .51 .47 .64 1.99 1.11 
Main effect means 
WI<ofUy 1st 10.04 3.25 3.06 2.20 6.05 7.11 
7th 10.32 4.89 4.05 3.89 4.85 6.51 
Diet Nomi 10.11 4.05 3.51 2.90 5.65 6.15 
High 10.24 4.09 3.60 3.19 5.25 7.48 
Hatch Time Eariy 10.18 4.07 3.30 2.92 5.35 7.39 
Late - 3.81 3.17 5.55 6.23 
Source of variation® Probabilities 
Lay .55 .006 .006 .001 .42 .47 
Diet .78 .94 .80 .53 .79 .12 
Hatch - - .13 .59 .89 .17 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels of u-3 fatty acids (High). 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (i-ATE) of incubation. 
 ^ Standard Error of the Mean, n=5 from egg through Oh PiH, n=4 at 24h PH, n=2 
at 72 and 96h PH. 
 ^ Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
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TABLE 28. The effect of week of egg production (week of lay), poult hatch time, 
and dietary u-S polyunsaturated fetty acids on the linolenic acid 
(CI 8:3) content of yolk. Experiment 2 
Wk Hatch Hours relative to 28 days Incubation 
Lay  ^ Dlet^  Time® 
Egg -15 0 24 72 96 
(g/IOOgDM) - - -
1st Norm Early .31 .09 .10 .05 .17 .24 
Late - - .10 .07 .19 .21 
1st High Early 1.00 .29 .16 .13 .79 .86 
Late 
-
- .25 .16 .43 .62 
7th Nomi Early .29 .16 .10 .09 .18 .19 
Late - - .15 .16 .18 .13 
7th High Early .40 .49 .34 .48 .33 .77 
Late - - .53 .47 .39 .74 
SEM* .028 .041 .033 .038 .124 .087 
Main effect means 
Wk of Lay 1st .65 .19 .16 .11 .40 .48 
7th .35 .33 .28 .30 .27 .46 
Diet Norm .30 .12 .11 .10 .18 .19 
High .70 .39 .32 .31 .49 .75 
Hatch Time Early .50 .26 .18 .19 .37 .52 
Late 
-
- .26 .22 .30 .42 
Source of variation  ^ Probabilities 
Lay .001 .003 .001 .001 .19 .71 
Diet .001 .001 .001 .001 .008 .001 
Hatch - - .001 .50 .47 .18 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels of u-3 fatty acids (High). 
 ^ Removal time of poults from the Incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
 ^ Standard En-or of the Mean, n=5 from egg through Oh PH, n=4 at 24h PH, n=2 
at 72 and seh PH. 
 ^ Two-way and three-way Interactions showed no consistent trends that were 
statistically significant. 
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TABLE 29. The effect of week of egg production (week of lay), poult 
hatch time, and dietary u-3 polyunsaturated fatty acids on 
the palmitoleic acid (C16:1) content of liver, Experiment 2 
Wk Hatch Hours relative to 28 days incubation 
Lay  ^ Diet^  TItne® 
-15 0 24 72 96 
(g/100 g DM) 
1st Nonn Eariy .73 .68 .68 .70 .84 
Late - .79 .68 .59 .96 
1st IHigh Eariy .72 .80 .61 .52 .70 
Late - .70 .75 .56 .46 
7th Norm Early .89 .57 .56 .58 1.12 
Late - .66 .54 .50 .85 
7th High Early .65 .61 .57 .72 .85 
Late 
-
.63 .53 .44 .64 
SEM* .16 .055 .040 .09 .23 
Main effect means 
Wkof Lay 1st .72 .74 .68 .59 .74 
7th .77 .61 .55 .56 .86 
Diet Norm .81 .67 .61 .59 .94 
High .68 .68 .62 .56 .66 
Hatch Time Early .75 .66 .61 .63 .88 
Late - .69 .62 .52 .72 
Source of variation® Probabilities 
Lay .78 .003 .001 .64 .45 
Diet .45 .75 .94 .66 .09 
Hatch 
-
.42 .57 .10 .34 
 ^ First (1st) and seventh (7tli) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels of u-3 latty acids (High). 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
 ^ Standard Error of the Mean, n=5 from -15h through 96h PH. 
 ^ Two-way and three-way interactions showed no consistent trends that were 
statisticaiiy significant. 
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TABLE 30. The effect of week of egg production (week of lay), poult 
hatch time, and dietary o-3 polyunsaturated fatty acids on 
the linoleic acid (C18:2) content of liver, Experiment 2 
Wk 
Uy  ^ Diet^  
Hatch Hours relative to 28 days Incubation 
Time® 
-15 0 24 72 96 
(g/100 g DM) 
1st Nomi Early 8.41 8.22 7.29 6.11 3.80 
Late - 8.76 7.45 5.41 4.15 
1st High Early 7.83 7.55 6.92 5.41 4.00 
Late - 8.37 8.04 6.03 4.06 
7th Nomi Early 7.68 7.57 7.17 5.36 3.82 
Late - 8.04 6.97 5.44 4.40 
7th High Early 7.59 7.38 6.69 4.64 3.52 
Late - 6.98 6.86 4.71 4.22 
SEM* .41 .24 .26 .41 .29 
Main effect means 
Wkof Lay 1st 8.12 8.22 7.43 5.74 4.00 
7th 7.63 7.49 6.93 5.04 3.99 
Diet Norm 8.04 8.14 7.22 5.58 4.04 
High 7.71 7.57 7.13 5.20 3.95 
Hatch Time Early 7.87 7.68 7.02 5.38 3.78 
Late 
- 8.04 7.33 5.40 4.21 
Source of variation® Probabilities 
Lay .26 .001 .01 .02 .94 
Diet .43 .002 .63 .20 .66 
Hatch - .04 .11 .96 .05 
 ^ First (1st) arxl seventh (7th) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels o1 u-3 latty acids (High). 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
 ^ Standard Error of the Mean, n=5 from -15h through SGh PH. 
 ^ Two-way and three-way Interactions showed no consistent trends that were 
statistically significant. 
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TABLE 31. The effect of week of egg production (week of lay), poult 
hatch time, and dietaty (*>-3 polyunsaturated fatty acids on 
lipid content of liver, Bcperiment 2 
Wk Hatch Hours relative to 28 days incubation 
Lay  ^ Diet^  Time® 
' -15 0 24 72 96 
(g/100 g DM) 
1st Norm Earty 53.02 51.16 50.72 39.08 24.42 
Liite - 53.28 48.96 33.84 26.60 
1st High Early 52.22 50.16 47.14 34.68 25.02 
Late 
-
53.00 51.02 37.02 25.60 
7th Norm Earty 47.94 46.88 46.44 32.32 23.38 
Late - 49.74 43.86 31.12 23.22 
7th High Earty 48.30 46.84 44.04 31.32 21.76 
l^ te - 46.16 44.34 27.42 23.48 
SEM  ^ .82 1.10 1.44 2.32 1.47 
Main effect means 
Wkofl^ y 1st 52.62 51.90 49.46 36.15 25.41 
7th 48.12 47.40 44.67 30.54 22.96 
Diet Norm 50.48 50.26 47.49 34.09 24.40 
High 50.26 49.04 46.63 32.61 23.96 
Hatch Time Earty 50.37 48.76 47.08 34.35 23.64 
Late - 50.54 47.04 32.35 24.72 
Source of variation® Probabilities 
Lay .001 .001 .001 .002 .02 
Diet .79 .12 .40 .37 .67 
Hatch - .03 .97 .23 .31 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Nonn) or high levels of u-3 fatty acids (l-(igh). 
® Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (i-ATE) of incubation. 
Standard Error of the Mean, n=5 from -15h through 96h PH. 
® Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
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TABLE 32. The effect of week of egg production (week of lay), poult 
hatch time, and dietary (i)-3 polyunsaturated fatty acids on 
the palmitic acid (C16:0) content of liver, Experiment 2 
Wk Hatch Hours relative to 28 days incutiation 
Lay' Diet^  Time® 
-15 0 24 72 96 
(g/100 g DM) • 
1st Norm Early 5.43 5.01 4.95 4.89 4.00 
Late - 5.37 4.81 4.57 4.28 
1st High Early 4.98 4.92 5.06 4.30 3.64 
l^ te - 5.52 5.16 5.08 3.37 
7th Nonn Early 5.41 4.16 4.22 5.79 4.50 
l^ te - 4.95 4.30 4.16 4.16 
7th High Early 4.79 4.49 4.43 5.20 3.81 
Late - 4.56 3.98 3.94 3.79 
SEM  ^ .34 .15 .22 .56 .26 
Main effect means 
Wkof Lay 1st 5.21 5.20 4.99 4.71 3.82 
7th 5.10 4.54 4.24 4.77 4.07 
Diet Nomn 5.42 4.87 4.57 4.85 4.24 
High 4.89 4.87 4.66 4.83 3.65 
Hatch Time Early 5.15 4.64 4.66 5.04 3.99 
Late - 5.10 4.57 4.44 3.90 
Source of variation® Probabilities M, • •• 1.1. •! •••«« 
Lay .76 .001 .001 .88 .20 
Diet .14 .98 .57 .57 .004 
Hatch 
- .001 .52 .13 .64 
First (1st) and seventh (7th) wl< of egg production. 
 ^ Diet contains normal (Norm) or high levels of u-3 fetty acids (High). 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
 ^ Standard En'or of the Mean, n=5 from -I5h through 96h PH. 
 ^ Two-way and three-way Interactions showed no consistent trends that were 
statistically significant. 
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TABLE 33. The effect of week of egg production (week of lay), poult 
hatch time, and dietary ci>-3 polyunsaturated fatty acids on 
the stearic acid (C18:0) content of liver, Experiment 2 
Wk Hatch Hours relative to 28 days incubation 
Lay  ^ Diet^  Time® ' 
72 -15 0 24 96 
(g/IGO g DM) 
1st Norm Early 6.35 6.21 5.93 3.98 2.27 
Late - 6.49 6.33 3.13 2.53 
1st High Eaily 6.30 6.09 5.39 3.19 2.37 
Late - 6.66 5.74 4.11 2.66 
7th Norm Eaily 6.26 5.38 5.19 3.82 2.48 
Late - 5.63 5.42 3.40 2.56 
7th High Early 5.31 5.22 4.99 3.17 2.22 
Late - 5.10 5.31 3.07 2.51 
SEM* .43 .14 .19 .33 .17 
Main effect means 
Wk of Lay 1st 6.33 6.36 5.85 3.60 2.46 
7th 5.78 5.33 5.23 3.36 2.44 
Diet Norm 6.31 5.93 5.72 3.58 2.46 
High 5.81 5.77 5.36 3.39 2.44 
Hatch Time Early 6.06 5.72 5.38 3.54 2.34 
Late - 5.97 5.70 3.43 2.56 
Lay .23 .001 .001 .32 .88 
Diet .26 .11 .01 .41 .86 
Hatch 
-
.02 .02 .64 .08 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains nonnal (Norm) or high levels of u-3 fatty acids (High). 
 ^ Removal time of poults from the inculxitors, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
* Standard En-or of the Mean, n=5 from -15h through 96h PH. 
 ^ Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
140 
TABLE 34. The effect of week of egg production (week of lay), poult 
hatdi time, and dietary 0-3 polyunsaturated fatty acids on 
the oleic acid (CI 8:1) content of liver, Experiment 2 
Wk 
Lay  ^ Diet^  
Hatch Hours relative to 28 days Incubation 
Time® 
-15 0 24 72 96 
(g/100 g DM) 
1st Norm Eariy 24.44 24.01 23.93 19.94 11.55 
Late - 24.87 22.87 17.18 12.49 
1st High Early 24.50 23.60 21.62 17.70 12.03 
Late 
-
23.52 24.08 17.40 12.40 
7th Norm Early 21.46 23.78 23.00 13.86 9.37 
Late - 24.45 20.83 14.37 9.28 
7th High Early 22.88 22.59 20.17 14.03 9.30 
Late 
-
22.42 20.82 12.22 9.94 
SEM* .83 .83 .88 1.43 .90 
Main effect means 
Wk of Lay 1st 24.47 24.00 23.13 18.05 12.12 
7th 22.17 23.31 21.21 13.62 9.47 
Diet Norm 22.95 24.28 22.66 16.34 10.67 
High 23.69 23.03 21.67 15.33 10.92 
Hatch Time Early 23.32 23.49 22.18 16.38 10.56 
Late 
- 23.82 22.15 15.29 11.03 
Lay .01 .25 .004 .001 .001 
Diet .39 .04 .12 .33 .70 
Hatch 
- .59 .96 .29 .47 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels of u-3 fatty acMs (High). 
 ^ Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
'* Standard Error of the Mean, n=5 from -15h through 96h PH. 
 ^ Two-way and three-way interactions sfiowed no consistent trends that were 
statistteally significant 
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TABLE 35. The effect of week of egg production (week of lay), poult 
hatch time, and dietary (i)-3 polyunsaturated fatty acids on 
the linolenic acid (CI 8:3) content of liver, Experiment 2 
Wk Hatch Hours relative to 28 days incubation 
l-ay  ^ Diet^  Time® 
' -15 0 24 72 96 
(g/100 g DM) 
1st Norm Early .20 .22 .23 .12 .07 
Late - .23 ND® .09 .08 
1st High Early .58 .43 .34 .18 .10 
Late - .66 .45 .23 .09 
7th Norm Early .23 .14 .11 .09 .08 
Late - .17 .12 .09 .08 
7th High Early .56 .50 .34 .12 .09 
Late - .46 .34 .12 .10 
SEM* .053 .046 .045 .025 .009 
Main effect means 
Wk of Lay 1st .39 .38 .36 .16 .09 
7th .39 .32 .23 .11 .09 
Diet Norm .21 .19 .15 .10 .08 
High .57 .51 .37 .16 .10 
Hatch Time Early .39 .32 .25 .13 .09 
Late - .38 .37 .13 .09 
Source Of variation® Probabilities 
Lay .88 .04 .03 .01 .97 
Diet .001 .001 .001 .001 .004 
Hatch . .08 .20 .74 .84 
 ^ First (Ist) arxl seventh (7th) wk of egg production. 
 ^ Diet contains normal (Norm) or high levels of <.>-3 fatty acids (High). 
® Removal time of poutts from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
* Standard En-or of the Mean, n=5 from -I5h through 96h PH. 
® Two-way and three-way Interactions showed no consistent trends that were 
statistically significant. 
® Fatty acid not detected. 
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TABLE 36. The effect of week of egg production (week of lay), poult 
hatch time, and dietary (>>-3 polyunsaturated fatty acids on 
the arachldonic acid (C20:4) content of liver, Experiment 2 
Wk 
Diet^  
Hatch Hours relative to 28 days Incubation 
Lay' Time' 
72 -15 0 24 96 
(g/100 g DM) 
1st Norm Early 4.50 4.23 4.81 2.62 1.12 
Late - 4.51 4.83 1.90 1.38 
1st High Early 3.67 3.67 3.55 1.50 1.15 
Late - 3.75 3.47 1.75 1.29 
7th Norm Early 3.40 3.38 3.57 1.69 1.12 
Late - 3.36 3.59 1.85 1.14 
7th High Early 2.61 2.41 2.62 1.44 .89 
Late - 2.37 2.70 1.34 1.03 
SEM  ^ .23 .15 .18 .20 .14 
Main effect means 
Wk of Lay 1st 4.09 4.04 4.16 1.94 1.24 
7th 3.01 2.88 3.12 1.58 1.04 
Diet Norm 3.95 3.87 4.20 2.01 1.19 
High 3.14 3.05 3.08 1.51 1.09 
Hatch Time Early 3.55 3.42 3.64 1.81 1.07 
Late - 3.50 3.65 1.71 1.21 
Source of variation® Probabilities 
Lay .001 .001 .001 .01 .06 
Diet .003 .001 .001 .001 .32 
Hatch - .48 .92 .49 .17 
 ^ First (1st) and seventh (7th) wk of egg production. 
 ^ Diet contains normal (Nonrt) or high levels of u-3 fatty acids (High). 
 ^ Removal time of poidts from the incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
* Standard Error of the Mean, n=5 from -15h through 96h PH. 
® Two-way and three-way Interactions showed no consistent trends that were 
statistically significant. 
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TABLE 37. The effect of week of egg production (week of lay), poult 
hatch time, and dietary (i>-3 polyunsaturated fatty acids on 
the docos^exaenoic acid (C22:6) content of liver, 
Experiment 2 
Wk _ Hatch Hours relative to 28 days Incubation 
Lay  ^ Dlet^  Time® 
' -15 0 24 72 96 
(g/100 g DM) 
1st Norm Early 2.02 1.82 2.69 .85 .41 
Late - 1.75 1.79 .74 .40 
1st High Early 2.94 2.63 3.45 1.31 .70 
Late - 3.44 3.12 1.29 .84 
7th Norm Eariy 2.19 1.43 1.90 .67 .36 
Late - 1.78 1.60 .77 .33 
7th High Eariy 3.36 3.03 3.42 1.35 .63 
Late 
-
3.03 3.11 1.12 .76 
SEM  ^ .23 .17 .15 .19 .08 
Main effect means 
WkofLay 1st 2.48 2.41 2.76 1.05 .59 
7th 2.78 2.32 2.51 .98 .52 
Diet Nonn 2.11 1.70 1.99 .76 .37 
High 3.15 3.03 3.28 1.27 .73 
Hatch Time Eariy 2.63 2.23 2.86 1.05 .52 
Ute - 2.50 2.41 m  ^
Source of variation® Probabilities 
Lay .21 .44 .02 .60 .25 
Diet .001 .001 .001 .001 .001 
Hatch - .03 .001 .62 .30 
 ^ First (1st) and seventh (7th) wl( of egg production. 
 ^ Diet contains nonnal (Norm) or high levels of u>-3 fatty acids (High). 
 ^ Removal time of poults from the Incubators, -15 h prior to 28 d (EARLY) or at 28 
d (LATE) of incubation. 
* Standard Error of the Mean, n=5 from -15h through 96h PH. 
® Two-way and three-way interactions showed no consistent trends that were 
statistically significant. 
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GENERAL SUMMARY 
The research presented in this dissertation was designed to examine the 
growth characteristics of poults known to experience poor livability during the Initial 
days of post-embryonic life. Two primary factors incriminated in poor livability in 
posthatch (PH) poults are the reproductive age of the breeder hen and the 
hatching time of the poult. We compared the growth and livability of poults 
hatching from hens during their first wk of egg production (young) with poults 
hatching from the same hens at their seventh wk of production (old). Poult livability 
and growth were also examined by their time of emergence from the egg in the 
incubator; poults hatching 15 h prior to the full 28 d incubation length (EARLY) 
were compared with poults hatching in the final 15 h of incubation (LATE). Finally, 
the (i>-3 fatty acid content of the breeder hen diet was modified to determine its 
impact on the PH poult. 
From these studies we can conclude that growth differences do exist in 
poults as related to production age of the breeder hen. Poults from older breeder 
hens showed improved livability through release from the brooder rings at the farm 
when compared with poults from younger breeder hens. Heavier poults emerged 
from heavier eggs laid from older breeder hens in both experiments. Poults from 
older breeder hens also maintained a heavier BW through 96h PH when compared 
with poults from younger breeder hens. The liver wt, relative to BW, of poults from 
older hens was heavier following access to feed and water. Poults from older hens 
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retained a Ineavler yolk sac membrane, relative to BW, at 24, 48, and 72h PH 
compared vi^ h poults from young hens, providing a greater means to transform 
and transport the yolk content to the poult for utilization. Also, following access to 
feedstuffs, poults from older hens decreased their reliance on gluconeogenesis (as 
measured by plasma uric acid concentration synthesized from catabolism of amino 
acids) more rapidly than poults from younger hens. These differences by age of 
the breeder hen may be related to physiological differences present prior to hatch. 
Lipid and fatty acid composition of the yolk contents indicated that 
differences in yolk absorption existed between poults from young (1st wk) and old 
(7th wk) breeder hens. Poults from young breeder hens exhibited a higher rate of 
yolk lipid resorption prior to hatch, compared with poults from older breeder hens. 
However, poults from young hens retained a lighter yolk membrane in the PH 
period, preventing efficient mobilization of the yolk after hatch. The lighter yolk 
membrane in poults from young hens may be due to the reduced reliance of the 
poult for lipid catabolism, further exemplified by possible protein catabolism of the 
yolk membrane Itself. This is, however, only speculation. 
The ability of the liver to metabolize and utilize the nutrients of the yolk sac 
contents and feed may further explain the growth differences between poults from 
young and old breeder hens. The liver wt, relative to BW, of poults from older 
hens was heavier following access to feed and water. Liver lipid concentration was 
higher in poults from young breeder hens compared with poults from older hens. 
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This, associated with the lower lipid concentration remaining in the yolk of poults 
from young hens, provides evidence that poults from young hens mobilized the 
lipid from the yolk contents, yet had a reduced ability to oxidize or mobilize these 
fatty acids once they reached the hepatic lipid pool. Indirect evidence also 
indicated that poults from young hens relied upon catabolism of amino acids to a 
greater extent than did poults from older hens. Thus, poults from young hens had 
a reduced capacity to utilize energy from lipid oxidation. Therefore, the liver in 
poults from younger breeder hens may not be physiologically mature compared 
with poults from older breeder hens. Noble (1987) believed that a significant 
disturbance in the chain of lipid metabolic events, that normally ends in hatching, 
occurred in eggs from very young breeder hens. Our results support this premise. 
The fatty acid composition of the liver was also different between poults from 
young and old breeder hens. Oleic acid was present at a high percent of the total 
fatty acids in the liver of the PH poult, indicative of the fatty acid composition of the 
yolk contents. Yet, following access to feed, poults from older breeder hens were 
able to oxidize or mobilize oleic acid in the liver at a faster rate, removing it from 
the liver, than were poults from younger breeder hens. The increase in the 
percentage stearic acid observed in the liver of fed poults hatching from older 
breeder hens indicates the capability of these poults to synthesize fatty acids. 
Thus, poults from older breeder hens seemed to reach metabolic maturity, in 
relation to fatty acid oxidation of oleic acid and synthesis of stearic acid, earlier 
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than poults from younger breeder hens. It is, therefore, plausible to conclude that 
a physiological difference exists between poults from young and old breeder hens. 
Differences existed in relation to the hatch time of poults. In the 1st 
experiment, EARLY hatch poults showed Improved livability through release from 
the brooder rings at the farm compared with LATE hatch poults. Prior to feeding, 
EARLY hatch poults were lighter than LATE hatch poults, possibly due to 
prolonged dehydration. In the 2nd experiment, EARLY hatch poults were heavier 
at 48h PH (24 h postfeeding) than LATE hatch poults, possibly through rehydration 
of a greater body mass. Liver wt, relative to BW, at Oh PH was heavier in EARLY 
hatch poults compared with LATE hatch poults. Yolk resorption, as measured by 
the remaining wt of the yolk membrane and yolk contents, relative to BW, was 
delayed in LATE hatch poults compared with EARLY hatch poults. Also, prior to 
feeding, EARLY hatch poults were able to catabolize amino acids (as measured by 
plasma uric acid concentration) at a higher rate than LATE hatch poults, 
maintaining gluconeogenesis prior to feed intake. Prior to feeding, pancreatic 
lipase activity and jejunal maltase activity were higher in EARLY hatch poults 
compared with LATE hatch poults. These differences were observed prior to feed 
intake and suggest that digestive processes were more developed in EARLY than 
in LATE hatch poults. The differences by the hatch time of poults could be better 
described as a difference in poult maturity due to time of emergence from the shell, 
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The final objective of our research was to attempt to improve the livability 
and growth of PH poults through diet modification. Feeding a diet high in u-3 fatty 
acids can increase the concentration of these fatty acids in the yolk contents and 
liver of hatching poults. The increased incorporation of <>>-3 fatty acids did not, 
however, impact the livability or growth characteristics of PH poults. 
In each experiment, interactions between the effects of age of breeder hen 
and hatch time of poults did not exist. It is probable that a lack of interaction was 
due to the difference in the two main effects studied. Poults from different age 
breeder hens were physiologically different at hatch, as was also reported by Noble 
(1987). Poults from younger breeder hens exhibited a reduced capacity to 
metabolize lipids in the liver and utilize the remaining yolk material, possibly 
sacrificing growth in the early PH period due to an energy deficit. On the other 
hand, differences in growth by the hatch time of the poult were due to the maturity 
of the poult. EARLY hatch poults, although lighter at 28 d of incubation (Oh PH), 
were physiologically more mature than their LATE hatching counterparts. The 
difference in the physiological system of EARLY and LATE hatch poults was reliant 
upon the emergence time of poult from the incubator, not the ability (or inability) of 
the poult to resorb the remaining yolk sac content, as was the case with poults 
from young breeder hens. 
Intervention to enhance the livability and growth of poults is crucial. Moran 
and Reinhart (1980b) believed that the economic return of removing EARLY hatch 
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poults from the incubators, by improving their livability, would offset the increased 
labor cost of removing poults twice from each incubator. Christensen and 
Donaldson (1992) reported that differences in hatching and removal times of poults 
from the incubators resulted in excessive utilization of stored carbohydrates, 
possibly sacrificing posthatch performance. Williams et al. (1951), however, 
reported that it would be uneconomical for hatcherymen to remove and segregate 
early emerging chicks. The livability of EARLY hatch poults was superior to LATE 
hatch poults in our studies. Leaving these poults in the incubators for an additional 
15 h could be detrimental to their sun/ival. Thus, removing early emerging poults 
from the hatching trays would maximize their potential for PH growth. 
Improving the livability of poults from hens in the 1st wk of production to the 
level often observed with poults from hens in the 7th wk of production is a 
multivariate problem. Possible variables that could improve the livability of poults 
from young hens would include nutrition of the breeder hen (Tullett, 1990), 
modifying humidity profiles and egg setting classes for incubation to accommodate 
for the differences in water-vapor conductance of turkey eggs (Tullett, 1990), and 
supplementing oxygen to eggs of low shell conductance to maximize hatchability 
and PH growth potential of turkey embryos (Meir and Ar, 1987). Our results 
indicate that increasing the a-linolenic (b)-3) fatty acid content of the breeder hen 
diet did not improve the growth and livability of poults from young breeder hens. 
Other possible strategies for improving the livability of poults from young hens 
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include supplementing the prelay breeder hen diet with different sources of oil (eg., 
corn, soybean, sunflower, or canola oil), correcting the acid-base ratio of the diet, 
and reducing the stress of breeder hens adjusting to egg production. 
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APPENDIX 1. 
PANCREATIC LIPASE ACTIVITY AND JEJUNAL MALTASE 
ACTIVITY TABLES 
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TABLE 18. The effect of week of egg production (week of lay) and poult hatch 
time on pancreatic lipase activity\ Experiment 1. 
saaBasasasKBBMBB^ BSSBaaaBBBS8BS&sssaBsssssBaa^ Bi^ =aaBB:ssB8ssaBBaaBBSsB^ s^ssss3s^ =s=s=s=sss= 
Wk Hatch Hours relative to 28 days incubation 
iV Time® 
(mg napthol produced/pancreas) - - - -
1w EARLY - 69.7 108.9 20.5 17.8 
1w LATE - 38.5 108.6 15.5 18.4 
7w EARLY 88.9 87.5 100.2 40.1 35.7 
7w LATE - 35.7 131.3 38.4 21.8 
SEM  ^ 7.8 8.0 13.8 3.1 3.7 
Main effect means 
Wk 1w - 54.1 108.8 18.0 18.1 
Lay 7w 88.9 61.6 115.7 39.2 28.7 
Hatch EARLY 88.9 78.6 104.5 30.3 26.7 
Time LATE . 37.1 119.9 26.9 20.1 
Source of variation Probabilities — 
Model .001 .60 .001 .002 
Lay .35 .62 .001 .01 
Hatch .001 .28 .28 .08 
Lay X Hatch .21 .27 .59 .06 
 ^ Pancreatic lipase activity; mg napthol produced per pancreas. 
 ^First (1w) and seventh (7w) wk of egg production. 
® Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean; n=10 in 1w and 7w poults from -15h through 
72h PH and in 7w poults at 96h, n=8 in 1w poults at 96h PH. 
TABLE 19. The effect of week of egg production (week of lay) and poult hatch 
time on jejunal specific maltase activity'', Experiment 1. 
a a a a ^ a s a M M — a — e a s B a a a a a e a a p ^ B a a e a a B B B a a  i  i i  J i .agsaaaaagaMaaeaBa^s^ ss^ aaasaaa 
Wk Hatch Hours relative to 28 days incubation 
Lay® Time® 
-15 24 72 96 0 
1w EARLY . 15.81 29.13 21.68 17.40 
1w LATE - 14.22 27.81 21.94 21.00 
7W EARLY 22.03 32.09 30.68 24.43 21.81 
7w LATE - 21.44 24.84 24.39 25.79 
SEM  ^ .79 1.09 1.37 1.86 .91 
Main effect means 
Wk 1w - 15.01 28.47 21.81 19.20 
Lay 7w 22.03 28.76 27.75 24.41 23.80 
Hatch EARLY 22.03 23.95 29.90 23.05 19.60 
Time LATE - 17.83 26.32 23.16 23.39 
Source of variation Probabilities 
Model - .001 .05 .59 .001 
Lay - .001 .61 .18 .001 
Hatch - .001 .02 .95 .001 
Lay X Hatch - .001* .12 ,93 .83 
 ^ Jejunal specific maltase activity; units of maltase activity per mg tissue 
protein. 
 ^First (1w) and seventh (7w) wk of egg production. 
® Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
Standard Error of the Mean; n = 10 in 1w and 7w poults from -15h through 
72h PH and in 7w poults at 96h, n=8 in 1w poults at 96h PH. 
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TABLE 20. The effect of week of egg production (week of lay) and poult hatch 
time on jejunal maltase specific activity\ Experiment 2. 
Week Hatch Hours relative to 28 days incubation 
of Lay  ^ Time® 
-15 0 24 48 72 96 
- - - (units of activity/mg protein) - -
1w EARLY 15.4  ^ 15.4° 27.0  ^ 25.7^  ^ 23.8® 15.3° 
LATE - 12.0° 24.0® 28.2  ^ 21.7® 14.3° 
7w EARLY 17.6° 26.0° 34.6  ^ 25.9° 37.1'^  30.1® 
LATE - 18.9° 31.2® 25.6° 34.3  ^ 30.4® 
SEM  ^ .7 .9 1.1 1.1 1.4 1.4 
Main effect means 
Wk of 1w 15.4 13.7 25.5 26.9 22.7 14.8 
Lay 7w 17.6 22.4 32.9 25.8 35.7 30.3 
Hatch EARLY 16.5 20.7 30.8 25.8 30.4 22.7 
Time LATE - 15.4 27.6 26.9 28.0 22.4 
Source of variation Probabilities 
Model .03 .001 .001 .32 .001 .001 
Lay .03 .001 .001 .30 .001 .001 
Hatch - .001 .007 .32 .10 .82 
Lay X Hatch - .05 .85 .22 .79 .66 
 ^ Jenunal specific maltase activity; units of maltase activity per mg tissue 
protein. 
 ^First (1w) and seventh (7w) wk of egg production. 
® Removal time of poults from the incubators, -15 h prior to 28 d (EARLY) or at 
28 d (LATE) of incubation. 
 ^Standard Error of the Mean, n = 10 for all ages. 
Age effects. Means with similar superscripts are not significantly 
(P<.05) different. 
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APPENDIX 2. 
PROCEDURES FOR FATTY ACID ANALYSIS 
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Fatty acid methylation procedure, Experiment 1 
[Lepage and Roy (1984) and Bligh and Dyer (1959)] 
1) Place 3(X) - 500 mg of wet tissue, yolk or liver, in a 16 x 100 mm screw-
cap culture tube. Add approximately 1.5 g sodium sulfate to the vial and 
grind to a fine consistency when all the water is absorbed by the additive. 
2) Add 3 mL of chlorform : methanol (2:1) to the tube, cap and invert the tube 
repeatedly by hand for 30 sec to extract the lipids from the dried tissue. 
3) Centrifuge @ 3000 rpm for 10 minutes. 
4) Aspirate the supernatant and filter through a .45 /im cellulose membrane 
filter into a second screw-cap culture tube. 
5) Place tubes on a heating mantle @ 40 C and evaporate to dryness under 
nitrogen. Purge tube with nitrogen and cap if storing. 
6) Add 2 mL of methanol: benzene (4:1) to the dry lipid extract. 
7) While vortexing, add 200 fil of acetyl chloride with a glass syringe to 
methylate the lipids. 
8) Purge the tube with nitrogen, cap tightly, and place in a boiling water bath 
for 1.5 hours. Recheck the tightness of the caps after 2-3 minutes. 
9) Halt the reaction with by adding 5 mL of 6% potassium carbonate (KgCOg) 
10) Add 1 mL of hexane, cap, and vortex for 30 seconds. Place in a 
refrigerator for 30 minutes to aid in the biphasic separation. 
11) Centrifuge @ 3000 rpm for 10 minutes. 
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12) PIpet the hexane layer (upper) into a vial for gas chromatographic 
analysis. 
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Fatty acid methylation procedure, Experiment 2 
[Metcalfe and Schmitz, 1961] 
Egg yolk, yolk sac contents, and liver 
1) Freeze dry tissues prior to procedure. 
2) Place 20 to 40 mg of freeze-dried yolk or liver in a 16 x 125 mm screw-
cap culture tube and grind to a fine particle size. 
3) Add 20 nL of the internal standard (heptadecanoic acid in methanol, 25 
mg/ mL). 
4) Add 1.5 mL of the methylating catalyst, 14% boron-triflouride in methanol 
(Sigma B-1252). Flood the tube with nitrogen and cap tightly. 
5) Place tubes in a boiling water bath while it is still heating. Retighten caps 
after 2 - 3 minutes to insure the catalyst has not boiled out. Once the 
bath comes to a boil, leave tubes methylating for 30 minutes, after which 
time turn off bath and leave tubes in bath for an additional 20 - 30 
minutes. 
6) Add 2.5 mL distilled water and 5 mL hexane to each tube, recap and shake 
vigorously for 30 seconds. 
7) Allow hexane and methanol-water to form a biphasic separation (place in 
refrigerator for 30 minutes if needed). Remove the hexane layer (top) 
into a 16 X 125 mm disposible tube, place on a 40 C heating mantle and 
flood with nitrogen until approximately 1 mL remains. 
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8) Vortex tube and remove hexane with methylated free fatty acids, placing 
into a vial for gas chromatographic analysis. 
Feedstuffs 
1) Grind feedstuff to a fine particle size. 
2) Place 200 mg of feed In a 16 x 125 mm screw-cap culture tube. 
3) Add 3 mL of chloroform; methanol (2:1) and vortex for 1 minute to extract 
the lipids. 
4) Centrifuge at 3000 rpm for 10 minutes to precipitate the feed. 
5) Remove approximately 2.5 mL of the chloroform: methanol and place in a 
12 X 75 mm disposable tube. Add 0.50 mL of methanol: distilled water 
(1: 4) and vortex for 30 seconds to for a chloroform and methanol-water 
biphasic separation. 
6) Extract chloroform layer (lower) into a 16 x 125 mm screw-cap culture tube, 
place on a 40° C heating mantle and flood with nitrogen until lipids are 
dry. Flood tube with nitrogen and tissue methylation procedure. 
